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I. INTRODUCTION 

Tae U.S. Army's concept or the nature of future arned 
conflict is defined within the framework of the Airland 
Battie Doctrine. A major premise of this doctrine is the 
need for interdiction and deep attack of the enemy's rear 
areas in order to slow his forward flow of forces and enable 
outnumbered Allied forces to fight the enemy piecemeal. 
However, few current combat models adequately represent this 
interijiction battie of sparsely populated rear areas and the 
effects of the command and control of forces necessary to 
execute such interdiction. 

Currently research is being conducted at the Naval 
Postgraduate Schooi concerning modelling methodologies for 
development of an Airland kesearch Model [Ref. 1}. This 
research is still in the conceptualization stage of develop- 
ment put has identified the following five major methodology 
reseacch objectives: 

1. The investigation of a methodolcgy for development of 
combat simulations which may be operated either ina 
systemic or open (man-in-the-loop) mode. 

2. The use of rule-based systems to represent command 
and control (C2?) and related processes. 

3. The development of a generalized network methodology 
and multi-dimensional coordinate system to represent 
terrain, transportation systems, communications 
systems, and combat assets. A hierarchical structure 
is hypotnesized for this generalized network. 

4. Deveiopment of a generalized value system applicable 
to all essentiai features of the research Simulation. 

5. The investigation of methodology for aggregation and 


disaggregation. 
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MeeDECso Mme direction of the research regarding the 
first objective is development of the model using a systemic 
mode architecture. With such an approach the specific deci- 
sion points in the simulation must be identified and algo- 
rithms developed to represent those decision processes. 
Subsejuent research can then utilize human interaction 
(man-in-the-loop mode) at selected decision points without 
sacrificing audit trail capability. 

The final goal of the research is the development of a 
Corps level combat model with an architecture of as many 
prescriptive, analytical methodologies as appropriate for 
investigation of more optimai methcds of planning and 
executing the AirLand battle. 

An inherent need of such a representation of Corps level 
combat reguires an ability to capture a realistic assessment 
of the number of combatant weapon systems that are mechani- 
cally available to fight at any point in time of the battle. 
A model of the vertical maintenance support processing oz 
mechanically unavailable weapon systems and their return to 
combat provides such an assessment capability. 

A model of the maintenance support vertical function can 
take one of two general forms: an explicit, sequential 
event model of the maintenance support functions or an 
implicit model using characteristic stochastic processes to 
represent maintenance support functions. In keeping with 
the goal of implicit, prescriptive methodologies for the 
Airland Research Model, the final form of the vertical main- 
tenance support model should be a largely implicit model. 

Tae development of an implicit model of maintenance 
Support requires a thorough knowledge of its functioning in 
combat. However, the current state of knowledge of mainte- 
hance functioning in combat is insufficient to meet the 
heeds for development of such an implicit model. Thus® 27 


order to develop an implicit model of maintenance support 
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for tae Airland Research Model, initial research must be 
conducted with explicit maintenance Support models to 
deveidp a better understanding of maintenance functioning 
and to identify the characteristic stochastic processes. 

Tae purpfese of this thesis is the development of a 
general structure of an initial stage, hierarchical mainte- 
nance support model using an expiicit, sequential event 
methodology. The effort is focused ufon development of the 
explicit maintenance support planning frocesses. 

Tais initial stage maintenance supfort model can then be 
used in tandem with an explicit combat model or crude combat 
feeder model to gain a better understanding of the nainte- 
nance support system in combat and eventually lead to the 
develd pment of an appropriate maintenance support model for 
the Airland Research Model. 

The scope of this thesis is limited to investigation of 
the functions and rule-based decision logic of maintenance 
Support to include recovery and evacuation, repair, and 
repair parts supply at division level and beiow. It is also 
limited to examination of ground support and missile mainte- 
nance only, which exciudes aviation, textile, and airdrop 
equipment maintenance. HoweveL, Missile maintenance is 
limited to land combat and light air defense nissiie 
systems. Several rule-based maintenance decision algorithms 
are proposed for further research. 

Tne proposed structure of the initial stage expiicit 
Maintenance support model is original work. The concepts of 
the model structure and the planning process algorithms were 
not extracted from existing documents or models. They were 
developed from scratch and in some cases the decision logic 
formulated from the author's experience and expertise in 
Maintenance support as specific decision criteria have not 


been stated in any U.S. Army doctrinal publication. 
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Tais thesis is organized into five chapters and three 
appendices. 

Chapter 2 presents back grourd information about the role 
of maintenance support, its organization and structure 
witnin the division, and its functional subtasks. 
Additionally, all maintenance entities within the division 
and their missions, locations, and attributes are identi- 
fied. Then a maintenance operations interconnectivity and 
entity hierarchy is formulated anda list of maintenance 
demanis attributes presented. 

Chapter 3 discusses several key modelling issues neces- 
sary for determining how to structure the initial stage 
Maintanance support model. Short descriptions of the nain- 
tenance models of two current division or theater level 
models are presented to provide a perspective on current 
metholjiologies of modelling combat maintenance support. fThen 
the issues of the maintenance support model's study objec- 
tives, method of representation, level of resolution, and 
data sources are examined and discussed. 

Caapter 4 describes the general design of the mainte- 
Nance support model. The general planning and execution 
processes of the model are identified and characterized. 
The separate components of the model are identified and 
formulated into a general model structure. Finally, the 
triag2 —- maintenance demand scheduling, workload prioritiza- 
cVOn, and maintenance time criteria update planning 
processes are discussed in detail. This detail is presented 
via a Software Documentation Design Language (SDDL) descrip- 
tion cf£ the process algorithms. 

In chapter 5, a Summary of the thesis is presented and 
recommendations for the direction of further research on 
Maint2nance support modelling are given. 

Appendix Ais a glossary of operational terms and acro- 
hyms for the reader unfamiliar with the U.S. Army mainte- 


Nance support terminology. 
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Aopendix B presentS a isting Yor “deri rlonoe.) oe 
variaogles and lists used in the planning process algorithms 
given in Appendix C. 

Adpendix C gives the detailed "pseudo-code" algorithms 


for the three specified planning processes. 


14 


Aw INTRODUCTION 


Tae purpose of this chapter is to present background 
information pertaining to the function and organization of 
Maintenance at divisional level in the U.S. Army. This 
incluies discussion of maintenance support's role on the 
battl2field; primary sub-tasks; organizational hierarchy; 
identification of maintenance entities and tneir missions; 
Maint2nance entity general attributes; and maintenance 
commaad and control structure. The U.S. Army's Division 86 
Maintenance support serves as the example since all other 
U.S. Army combat organizations have a similar structure and 


role For maintenance support. 


Be. MAINTENANCE SUPPORT OVERVIEW 


1. Definition 


Maintenance is defined to be all action taken to 
retain materiel in a serviceable condition or to restore it 
to serviceability [Ref. 2: p. fj) 32 This function has 
become an increasingly more critical one in combat as demon- 
Strated by the rapid loss rates incurred by both sides in 
the 1973 Arab-Israeli War due to the increased weapon systen 
lethalities. In such high intensity combat maintenance 
support's major role is sustaining combat, since war 
reserves are expected to be austere. 

Maintenance support additionally is closely interre- 
jated with other logistical functions, especially supply and 
transportation. In particular supply and maintenance work 


in taadem to return the maximum amount of weapon systems to 


lS 


combat through extensive use of transpcrtation support. i 
this sontext the decision to trade off repairs for replace- 
ments or vice versa is based upon the critical factors of 


available time and resources [Ref. 3: fF. 5-1]. 


2. Maintenance Support Sub-tasks 


Ss Sa ee Se SS ee Ee _ —=——_ = EE qm aE ee ee eee 


Ground support maintenance can be divided into five 
general sub-tasks: recovery and evacuation, repair of 
equipaent, repair parts supply, command and control (C?), 
and tactical. These divisions are made primarily for 
clarity and ease in understanding the flow of maintenance 
support operations. However, all of these sub-tasks are 
interrelated and cannot function alone on the battlefield. 

Recovery iS distinguished from evacuation primarily 
by the organization performing the cperation. Recovery 
operations remove equipment from forward combat areas to 
locations further to the rear for repair. Each unit in the 
division iS responsible for recovering itsS own damaged 
equipment. Recovery may be to the urit's field trains for 
immediate repair or to a collection point for repair by a 
Supporting maintenance unit. 

Evacuation operations move equipment from collection 
points to locations further to the rear for repair, canni- 
balization, oor further evacuation. Evacuation operations 
are c3o0rdinated by maintenance, supply, and transportation 
elements since evacuation operations impact upon the func- 
tions of ail three types of support. In this context evacu- 
ation operations are conducted only by combat service 
Support (CSS) units and not by comrat or combat support 
units. 

The repair sub-task includes inspection and classi- 
fication of damaged equipment, restoration of damaged eguif- 
ment to serviceability (repair), testing of equipment, 


preventive maintenance, and modificaticn of equipment. The 
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repair process is a multistaged one which begins with 
initial damage assessment and progresses through a sequence 
of repair, recovery, and refair parts supply functions and 
ends with the return of a weapon system to combat. 

The repair parts supply sub-task includes direct 
exchaage (DX), operational readiness float (ORF), normal 
receipt, storage, and issue of repair parts, repair parts 
management, and controlled exchange or cannibalization. 
Controlled exchange is the removal of serviceable parts fron 
unserviceable, economically Trepairable eguipment for instant 
use in restoring a like item to serviceable condition. 
Cannidalization is the authorized removal of serviceable and 
unserviceable assemblies from unserviceable, uneconomically 
repairable or excess end items of equipment authorized for 
local disposal. Both controlled exchange and cannibaliza- 
tion require the interaction of mechanics to obtain the 
repair parts. 

The command and control sub-task consists of all 
acCtioas necessary for management and leadership of mainte- 
hance elements. It is closely interrelated with all mnainte- 
nance missions and functions and is the key to successful 
Maintenance support. Responsive and timely C® is essential 
to mMisSion success. 

The tactical sub-task consists of all actions which 
do not contribute directly to the maintenance effort and its 
management and control. It includes tactical movements, 
relocation decisions, unit site selection and reconnais- 
Sance, and rear area security (RAS) and rear area combat 
(RAC). RAS and RAC, however, are not examined in this 


thesis. 
3. Levels of Maintenance 


The U.S. Army's maintenance support system currently 


consists of four levels of maintenance: organizational, 
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direct SUipport (sy, general Support (GS), and depot 
[Ref. 4: pe. 2-4]. Each level is a different category and 
contributes differently to the overall systen. Altnough 
only tne organizational and direct support levels are 
incluled within thegge so. Army's Division 86 structure, 
Corps level DS and GS unitS are often deployed forward into 
division areas for guicker support. 

AS part of the U.S. Army's ongoing force structure 
modernization, a three level maintenance concept is to be 
impienaented. The only impact this implementation has upon 
the fr llowing discussion of levels of Maintenance is_ the 
removal of the GS level of maintenance from tne Corps force 
structure. Each ievel of maintenance is discussed below. 

Organizational maintenance is normally provided by 
the unit owning the eguipment. It 1s performed at both the 
company and battalion level. Its role 1s to keep equipment 
operating, identify failures and make Dinor repairs, perform 
necessary eyulpment services and other preventive mainte- 
hance, perrorm recovery of equipment to the next higher 
level of support and repair, and provide repair parts 
supply. It 1s characterized in combat aS mission essential 
Maintenance only (MEMO) whicn reduces the nuaber of mainte- 
hance tasks required for serviceability restoration to only 
those essential for a combat system to perform its primary 
mMiSSiJon. 

Direct support maintenance is provided by mainte- 
nance units tailored to the forces they support. The 
primary mission of these DS maintenance units is the provi- 
Sion of maintenance support to specifically designated 
combat units. Ali ground support and missile DS maintenance 
units in the division are assigned to the Division Support 
Command (DISCOM) with a role of refairing equipment and 
returning it to the user, operation cf maintenance collec- 


tion points (MCP), backup recovery support, evacuation ci 
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eguipment to higher levels of support, and supplying repair 
parts to their supported units. DS level repairs in general 
regquice more skilled mechanics and special tools than organ- 
izational maintenance. DS level is aiso the first level of 
repairc at which cannibaiization occurs. 

General support maintenance is provided by mainte- 
nance units assigned to Corps level or higher. At division 
level, GS maintenance teams can often be found in the divi- 
sion Lear area providing battle damage assessment Support or 
specific GS repairs of combat critical eyuipment in response 
to specific division requests. These teams are temporarily 


placei under the operational control of the DISCOM. 
4. Fix Forward Operational Concept 


The £1x forward operational concept involves the 
positioning of maintenance assets of the U.S. Army in the 
field as close to the operating ccmbat forces as _ the 
Peetrcdlesituation permits [ Ref. 5: pp. 2-7). This opera- 
tional concept encompasses the use of three operational 
principles: forward deployment of nobile maintenance teams, 
use of battle damage assessment procedures, and time guide- 
lines for repairs by level. A pictorial depiction of the 
fix forward operational concept is shown in figure 2.1 
feet. Ss p. 5j. 

The first principle involves mobile maintenance 
teams from all levels - organizational, direct support, and 
general support - being deployed forward to provide supple- 
mental maintenance to lower Ileveis. By conducting repairs 
aS close to breakdown sites as possible, the time consuming 
requirement for recovery and evacuation 1S minimized. 
Additionally critical repair parts are obtained quickly 
throujh extensive use or contrciled exchange and 


cannibalization. 
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The second principle requires assignment of 
specially trained pattle damage assesscrs (mechanics) to the 
mobil2 maintenance teams responsible for evaluation of the 
extent of damage and determination of recovery or evacuation 
decisions. Making these evaluations far forward enabies 
Maintanance support to avoid lengthy echelon by echeion 
recovery and evacuation by direct routing of damaged equip- 
ment to the appropriate repair facility or location. 

The third principle is the use of repair time guide- 
lines - maintenance time criteria (MTC) - at each mainte- 
nance level to avoid the buildup of large backlogs whick can 
interfere with combat operations, especially at lower 
levels. The commander at each level establishes the MTC 
based upon guidance from higher headguarters, the tactical 
Situation, maintenance backlog, personnel, tools, test 
equipment, and availability of repair farts. Aithough main- 
tenance commanders at each level establish their MTC, they 
Must closely coordinate it with the supported force combat 


commander. 


5. Maintenance Support Control and Execution 


Se 


Within the division, maintenance Support is planned 
and controlled centrally at each hierarchical level; that is 
each level possesses a maintenance element responsible for 
planning and control. However in keeping with the f1x 
forward operational concept, the execution of maintenance 
Support is decentralized and spread throughout the division 
area. Such centralized control linked to decentralized 
execution requires extensive communications suppert and 
close, continuous coordination between all maintenance 
elenenats. In this context, C2 ais a major factor in 


achieving successful maintenance support. 
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C. DIVISION MAINTENANCE SUPPORT ORGANIZATION AND STRUCTURE 


1. Maintenance hierarchy 


o> ee ce ee ee ee => —_ 


DS maintenance support within the division ae 
Specifically structured to provide dedicated support to each 
level of the maneuver unit hierarchy. It is a tiered struc- 
ture wherein each maneuver hierarchy level is supported by 
one primary maintenance element which is in a direct support 
role. The relationship between the maintenance element and 
the maneuver unit it supports is similar to that of opera- 
tional control ({OPCON) yet each maintenance element is actu- 
ally simultaneously retained under the direct command and 
control of its superior maintenance headquarters. 

Organizational maintenance supfort within the divi- 
sion is also hierarchical in nature, however maintenance 
elemeats are organic to the maneuver units and exist solely 
at battalion and company level. Every battalion and sepa- 
rate company in the division possesses itS own organic 
organizational maintenance element and exercises direct 
command and controi of it. 

The interface of DS maintenance and organizational 
maintenance occurs between battalion or separate company 
Maintenance elements and the specific DS maintenance 
elemeats providing them suprort. This interface is usually 
limited to DS maintenance level repairs, backup recovery or 
evacuation support, and repair parts supply. However organ- 
izational level repair assistance is cften sought from the 
Supporting DS maintenance element. A fictorial depiction of 


the division maintenance hierarchy is shown in figure 2.2. 


2. Maintenance entities and their missions 


Each hierarchical maneuver entity down through 
company level normally is provided a single primary nainte- 


nance entity responsible for its sufport in coordination 
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Figure 2.2 Maintenance Hierarchy. 
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with the maneuver unit command and control element. dowever 
durinjy combat several other various type maintenance enti- 
ties aay also be present ata particuiar maneuver hierarch- 
ical level due to the pushing forward of maintenance 
entities in execution of the fix forward operational 
concept. These additional entities may range in size from a 
Singl2 recovery vehicle to a company sized element. Since 
the number of maintenance entities is variable, each 
maneuver hierarchical level's possible maintenance entities 
are discussed. Additionally each entity's composition and 
organization is tailored to the specific unit it supports. 
In this context the entities are discussed ina generai 
structural nature with no specific ccmposition by numbers 


and types of mechanics and eguipment given. 
as Company level entities 


At company level the following maintenance enti- 
ties aay be found during the course of battle: 
1. Organizational maintenance team (organic or attached 
from battalion). 
2. Supporting recovery teéam(s). 
3. Supporting organizational maintenance team(s). 
4. DS maintenance support team(s) (MSTs). 
An organizational maintenance team is organic to 
separate companies but is attachea to maneuver type compa- 
nies from their parent battalion. All other type units in 


the division including DS maintenance units have an organic 


company level organizational maintenance tean. This tean 
may consist of these subelements: frecovery, command and 
control, repair, and administrative. Its mission is the 


Management cf organizational maintenance for the company. 
It performs three primary tasks: repair of equipment and 
returning it to battle; limited battle damage assessment for 
recovery decisicn purposes; and coordination of equipment 


recovery or evacuation. 
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A maintenance sergeant commands the team ir 
coordination with the companv executive officer (XO) and 
first sergeant (1SG). The recovery element is usually at 
most a Single recovery vehicle and crew. The repair eiement 
is variable in size but consists of several system mechanics 
with skills tailored for the specific weapon system types in 
the company. The administrative element is usually one or 
two clerks who maintain the company eguipment maintenance 
recoris, provide repair parts and maintain the company 
prescribed load list (PLL), and prepare maintenance reports. 

Additional recovery or organizational mainte- 
Mance teams May be attached for specific tasks temporariiy, 
particularly for reduction of workload backlogs, or may be 
conducting specific backup tasks requested py tne company. 
Aithough these teams are present for specific missions and 
Short periods of time, they are usually placed under the 
Suppocted company's operational contrcl until their tasks 
are LTinished. | 

MST's from the supporting DS maintenance element 
may also be pushed forward to company level for the conduct 
of quick DS levei repairs or battle damage assessment when a 
large number of combat damaged equipment is generated. 
However these MST's are seldom piaced under the operational 


control of the supported company. 
b. Battalion ievel entities 


At battalion dJlevel the following maintenance 
entities may be found during the course of battle: 
1. Battalion organizational maintenance platoon. 
2- DS maintenance support team(s) (MSTs). 
3. Unserviceable Equipment Rally Point (UERP). 
A battalion organizational maintenance platoon 
1S orjanic to each battalion within the division and is the 


entity primarily responsible for maintenance operations at 
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the battalion levels This platoon is responsible for the 
conduct and management of all organizational maintenance 
Within the battalion or task force, if task organized. hat 
May consist of the following subelements: platoon headguar- 
ters, maintenance administration section, recovery section, 
Maintenance services section, and company Maintenance teams. 
The platoon performs the following primary tasks: repair of 
equipment and its return to battle, battle damage assessment 
for recovery decision purposes, management and coordination 
of recovery and evacuation of the battalion's damaged equif- 
ment, repair parts supply and management of PLLsS, coordina- 
tion 29f any attached DS MSIs workload, backup support to 
company maintenance teams, coordinaticn for DS maintenance 
suppoct, and battalion maintenance wcrkload management and 
reporting. 

The battalion maintenance flatoon is led by the 
Battalion Maintenance Officer (BMO) with the assistance of 
the Battalion Maintenance Technician (BMT) and Battalion 
Motor Sergeant... The BMO and Battalion XO manage the battal- 
ion’'s maintenance workload by setting priorities for repair 
and establishing the battalion MTC. 

Each battalion maintenance platoon is organized 
and equipped with personnel and eguipment tailored for 
support of the battalion's specific eéquipment composition. 
Howevar, each section of the platocn performs the same 
essentiai tasks in any battalion. The maintenance adninis- 
tration section provides repair parts supply including DX 
items, manages the company PLLs, maintains the equipment 
Maintenance records, and prepares maintenance reports. The 
recovery section provides recovery sufport to the battalion 
and lifting support to the maintenance services section. 
The maintenance services section conducts all organizational 
repaics, preventive maintenance, and other eguipment mainte- 


hance actions at pDattalion level and is primarily 
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responsible for repairing equipment in the unserviceable 
equipment rally point (UERP) and assisting company mainte- 
Mance teams. 

The battalion UERP is most often colocated with 
the battalion maintenance platoon inthe battalion combat 
pei TS However, on occasion the UERF may not be colocated 
for operational security or geographical reasons. In such a 
case the UERP is usually operated by the maintenance 
services section and contrclled by the BMT. Most of the 
controlled exchange and repairs conducted within the 
battalion are performed at the UERP. 

. Normally a tailored MST from the supporting DS 
maintenance comfpany is pushed forward for dedicated direct 
Support to each maneuver battalion. Its primary missions 
are the conduct of battle damage assessment and quick DS 
level repairs. It assists in triage at the battalion UERP. 
Additional DS MSTs may temporarily be ina battalion's area 


for the conduct of specific repairs or backup support. 
ce. Brigade level entities 


At brigade level the following maintenance enti- 
ties may be found during the course of battle: 

1. Forward Support Battalion (FSB) Maintenance Company. 
Peo OreGo MSIs (from DISCOMN or Ccrps). 
3. Maintenance Collecticn Points (MCPs). 

The FSB Maintenance Company is the maintenance 
entity primarily responsible for the conduct of DS and 
higher levels of maintenance operations in the brigade area. 
Its mission is the provisicn of DS maintenance support to 
all uaits assigned or attached to its supported brigade. 
Except for the DS MSTs of the Company, all FSB maintenance 
compaaies are organized and composed Simiiariy. Each DS MST 
is tailored for support of a specific type Maneuver 


battalion. The company iS composed of the following 
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Ssubel2ments: company headquarters, Maintenance control 
section, service and recovery platoon, repair parts supply 
platoon, MSTs for each battalion in the brigade, anda main- 
tenance platoon consisting of the communicat ions- 
electronics, armament, Fower generation and engineer, 
missile, automotive maintenance sections, and organizational 
Malnte2nance tean. 

A FSB maintenance company provides DS mainte- 
nance support to the brigade in two primary manners. MSTs 
which comprise a large portion of the company are deployed 
forward with each battalion sized unit for on-site rapid 
support and battle damage assessment. These MSTs are seldon 
recalled for consolidation at the company. Ali other DS 
repairs are performed in the Brigade Support Area (BSA) by 
the remainder of the company. This is accomplished via 
equipment recovery to the BSA by the cwning units with most 
large items of eguipment (weapon systems) being processed at 
a central MCP. Triage 1s performed at the MCP and weapon 
system disposition - repair or evacuate - is determined. 
This 4CP is normally colocated with the company in the BSA. 

The command and control of the company 1S 
provided by both the company headguarters and the nainte- 
hance control section. The maintenance control section is 
concerned primarily with control of DS maintenance and 
repair parts supply operations while the company headyuar- 
ters iS mainly concerned with tactical, logistical, and 
administrative control of ccmpany operations. 

The repair parts supply platoon provides repair 
parts supply including DX items to both the company and the 
brigaie organizational maintenance elements. lt “aso 
manages the brigade levei ASL (Authorized Stockage List) of 
repair parts and the brigade level ORF. 

The service and recovery piatoon provides allied 


trades (machining, welding, Paden ira), et cetera) and 
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recovery support to the company and backup allied trades and 
meeevery Slpeort to brigade units. it also provides lifting 
support to the maintenance platoon as necessary. 

The maintenance platoon provides DS repair of 
communaications-electronics, automotive, armament, power 
generation, engineer, and missile eguipment. It is also 
primarily responsible for the operaticn of the brigade MCP 
which may or may not be colocated with the company. This 
MCP is the focal point of the brigade level maintenance 
effort since the majority of weapon system repairs are 
processed for maintenance there. 

The organizational maintenance team 1S organized 
Similarly to those discussed under company level entities 
but tailored for support of the specific eguipment of the 
FSB Maintenance Company. 

In addition to the FSB Maintenance Company, DS 
or GS MSTs from DISCOM or Corps may be in the brigade area. 
These MSTS primarily serve to assist the FSB Maintenance 
Company in reducing the MCP backlog. However on occasion a 
backup DS or GS MST may be deployed fcrward for a specific 
on Site repair task or may function as BDA teams at the MCP 
when a large backlog exists. These forward deployed MSTs 
are normally placed under temporary oferational control of 
the FSB Maintenance Company for the duration of their 
miSsion. 

Management of tne brigade's organizational main- 


tenance is the responsibility of the brigade staff. 
d. Division level entities 


The following maintenance entities may be found 
at the division level during the course of battle: 
1. Main Support Battalion (MSB) Maintenance companies- 
Light,Heavy, and Missile. 
Ze iiss etatertal Staff. 
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3. Division Material Management Center ({DAMC). 
4. DS or GS MSis from Corps. 

The entitieS primarily responsible for the 
conduct of DS maintenance operations at division level are 
the Light, Heavy, and Missile Maintenance Companies of the 
MSB. Each company provides commodity oriented DS mainte- 
Nance support and are organized Similarly to the FSB 
Maintenance Company but with subelements tailored for 
specific support of the commodities each supports. 

The Light Maintenance Company provides DS repair 
Support of small items Or components incl udasiee 
communications-electronics equipment, communications secure 
(COMS3C) equipment, power generation eyuipment, automatic 
data processing (ADP) equipment, and fuel and electric 
components and provides repair parts supply support to the 
entire division. It primarily conducts repairs at its loca- 
tion in the Division Support Area (SA) on recovered or 
evacuated equipment from the division rear unitS or 
brigaies. In addition it may conduct some repairs at the 
Division MCP or provide backup DS MSTs to the BSAs. 

The repair parts supply flatoon of the Light 
Maint2nance Company provides repair parts supply support to 
all tne DS maintenance companies in the division, non 
brigalie organizational maintenance elements, and the prigade 
ASLS and maintains the division ASL and ORF. 

The Heavy Maintenance Company provides DS repair 
support of larger equipment including automotive, engineer, 
armament, and allied trades; provides recovery support and 
MSTs to battalion sized non-brigade units of the division, 
particularly the cavalry squadron and GS artillery 
battalion; operates the Division MCP(s); and provides DS 
MSTS to the FSB Maintenance Companies for backup support or 
BDA. 


30 


The Missile Maintenance Company provides DS 
missile maintenance Support and missile repair parts supply 
suppoct to the entire division for land combat and light air 
defense missile systems and equipment. It provides this 
support primarily by deploying MSTs to the division air 
defense battalion and cavalry squadron, supervising missile 
repairs in the FSB Maintenance Companies, and assisting with 
repairs at the Division MCP(s). Hewever most component 
repairs are normally performed at the company's DSA loca- 
tion, since the majority of repairs require the use of the 
van mounted LCSS (Land Combat Support System) test equipment 
for diagnostic troubleshooting and inspection. There is 
only one LCSS in the company for support of the entire divi- 
Sion shich makes it an essential item for erfective mainte- 
hance support of the division. The missile MSTs are 
deployed forward Pea yo fOr preventive maintenance 
purposes, early detection of maintenance requirements, and 
quick fix repairs requiring little trotblieshooting. 

The MSB Material Staff supervises the operations 
of the Light, Heavy, and Missile Maintenance Companies and 
Manages the division's DS maintenance operations. eaeeelinie = 
tions soiely as command and control of DS maintenance 
operations. 

The DMMC provides supervision of both the divi- 
sion's repair parts supply operations andthe division’s 
Maintenance operations both organizational and DS or GS. 
Its pcimary functions are the management of the division's 
ASLs and the setting of maintenance priorities by weapon 
syste. 


e. Maintenance entity location 


Maintenance entities are a portion of the combat 
setvice support (CSS) assets provided to combat entities and 


are aa integral part of combat entities' unit trains. These 
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unit trains are the total combat service support elenents 
Supporting a combat entity. 

Unit trains are normally echeioned into combat 
trains which provide immediate resfonse to the combat 
elemeats and the field trains which provide less immediate 
response. The combat trains are located well forward near 
the combat elements, whereas the field trains are located 
furth2r rearward for better protection and proximity to main 
Supply routes. 

Both the combat and field trains function tacti- 
cally as subelements of the combat entity being supported. 
Defensive and tactical movement operations are conducted by 
each of these echeloned trains independently and “as 
composite entities. In this context, maintenance entities 
conduct tactical movements and rear area combat operations 
in coajunction with the trains to which they belong. 

At the organizational maintenance level, company 
Maint2nance teams and battalion maintenance platoons are 
usually located in their supported ccmbat entity's combat 
tEdans? Whereas, at the DS or higher maintenance level, 
Maint2nance entities are almost always located in the 


supported combat entity's field trains. 


3. Attributes of Maintenance Entities 
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This section identifies the essential general attri- 
butes of maintenance entities which are required for mainte- 
nance support planning, execution, or decision making. 
Specific maintenance entities possess cnly a subset of these 
attributes based upon their missions and hierarchical level. 
Each attribute is reguired for at least one of the five 
Maintenance sub-tasks identified in subsection B.2 of this 
Chapter: command and control, reccvery and evacuation, 


repair, repair farts supply, and tactical. 
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Each general attribute is classified as either 
inherant or state dependent. Inherent attributes are those 
which are fixed based upon the entity's organization and 
structure and never change unless the entity's organization 
and structure is changed. Entity identification and author- 
ized personnel and equipment strengths are examples of 
inherent attributes. All other entity attributes which 
change based upon the current state of the entity are state 

depenient attributes. 

| Tabie I is alist of the primary attributes of nmain- 
tenance entities matched to the applicable maintenance sub- 
tasks for which they are needed. Each sub-task is 
abbreviated and identified in the table legend which is at 
the battom of the table. This list is not all inclusive but 
represents the essential attributes needed for modelling 


Maintenance support. 


4. Maintenance C2 structure and interconnectivity 


Command and control is defined as "the process of 
directing and controlling the activities of nilitary forces 
in orjer to obtain an objective. It inciudes consideration 
of th2 pkysical means of its accomplishment - the communica- 
tions, control centers, information gathering systems, and 
the staffs and facilities necessary to gather and analyze 
inforaation, plan for what is to be done, and supervise the 
execution of what has been ordered" [Ref. 2: p. 3-2]. 

All maintenance elements are under the command and 
contr3al of a specific superior element. However, this 
specific superior element is variable due to decentraliza- 
tion of execution and the pushing forward of support. As a 
result a maintenance element operates under any one of a 
possible set of command or support relationships at any 
point in time. The three common ccmmand and one common 


Support relationships are explained in figure 2.3. Each of 
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TABLE I | 


General Maintenance Entity Attributes 


Attributes Applicable Sub-tasks 
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ll, See 
Table I 


General Maintenance Entity Attributes (cont'd) 
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these relationships is well defined but is often situation- 


I EEE ———————————————E—————————E 





ally aodified by specific exceptions cr inclusions dictated 
by the task crganizing command and control element. 

In general within a division company organizational 
Maintenance teams are either organic or attached; battalion 


organizational Maintenance platoons are organic; DS 
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Figure 2.3 Maintenance Command and Support Relationships. 


Maint2nance Companies are in direct support of supported 
units; DS MSTs are in direct support cf supported units and 
may be OPCON to them; and Corps DS eélements are either 
attached or OPCON to divisional maintenance units while in 
direct support of division. 

Another relationship essential to successful execu- 
tion of maintenance support, particularly under the fix 


forward operational concept, is close liaison Or 
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coordination among all adjacent maintenance elements of a 
specific hierarchical level. This coordination often 
involves duplicate submission of reports in order to expe- 
dite 2xecution. 

The structure of maintenance command and control is 
Similar to that of maneuver and combat command and control. 
Each maintenance element has either a staff or severai 
Supervisory personnel resronsible tc the commander for 
providing rerorts, issuing orders, and monitoring order 
execution. These personnel operate from a command post and 
generally have some communications system available. Figure 
2.4 is a pictorial depiction of a division maintenance 
command and control structure and interconnectivity. 

Organizational maintenance information flows through 


Maneuver command and control channels via the unit's 


administrative/logistic (A/L) net rather than the command 
net. From brigade level this information also flows 
feeectly to DISCOM. Conversely, DS maintenance information 


flows aiong maintenance unit conmand and control channels to 


the appropriate level via unit command nets. 


D. DEMANDS UPON MAINTENANCE SUPPORT 


1. Definition of Maintenance Demand 


A maintenance demand is any externally produced or 
generated reguirement for maintenance support action. The 
requirement 1S one of several forms - repair parts need, 
repair need, recovery or evacuation need, request for addi- 
tional support, or any combination of these. 

Once generated a demand must be processed succes- 
Sively through the hierarchical levels of support until it 
1s either satisfied or cancelled. Satisfaction occurs when 
the requirement is fulfilled or successfully accomplished. 


Cancellation occurs when the owniny or requesting entity 
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Figure 2.4 Maintenance C2 Interconnectivity. 
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cancels the reguirement or the final frocessing maintenance 
entity denies additional support or declares an item uneco- 
nomically repairable. A declaraticn of uneconomically 
repairable causes a demand to be placed upon the Class VII 


supply system to replace the iten. 


2. Generation of Maintenance Demands 


Maintenance demands are either reports of unservice- 
able equipment, repair parts needs, or recovery needs or 
requests for repair, recovery, repair parts, or additional 
support. Either type of demand is first processed by the 
receiving mMmaixrtenance entity and 1s either satisfied ofr 
cancelled at that level or sent aS a request to a higher 
supporting maintenance entity for processing. 

Reports are generated aS a result of an equipment 
failure, an eguipment combat damage, a combat loss of repair 
parts, repair parts stockage reaching a reorder point, or an 
eguipment becoming terrain stuck. Reports reyuire only an 
1nternal processing by the receiving maintenance entity but 
need not reguire action. However, if this first maintenance 
entity is unable to satisfy or cancel the requirement, a 
request for support 1S generated and sent to the next higner 
Supporting maintenance entity. 

Requests are generated by a maintenance entity in 
Bespoase tO an inabildityeto satisfy, cancel, or process a 
Maintenance demand. All requests are sent to the next 
higher supporting maintenance entity and reyguire action to 


be taxen by that supporting maintenance entity. 
3- General Attributes of Maintenance Demands 


AS maintenance demands initiate the maintenance 


Support process, each must possess general attributes 
reguired for maintenance support planning, execution, or 
decision making. These attributes are either inherent 


2 


{fixel) to the demand or state dependent (variable). These 
general attributes are listed in Table II. Each maintenance 
demani possesses a subset of these general attributes. 

In summary, the organization , structure, and func- 
tions of the maintenance support system in the U.S. Army's 
Division 86 force structure were discussed to provide the 
hecessary background information for purposes of conceptual- 
izing a model of the systen. The next chapter discusses 
several modeliing issues as a prelude to formulation of a 


mMaint2nance support model structure. 


TABLE II 
General Maintenance Demand Attributes 


A.- Inherent 


1. Generating entity. 

2- Entity owning equipment or repair part 

3. Weapon system type 

4. Equipment repair code (ERC) 

5. Clock time of occurrence 

6. Repair part code (s) 

7. Quantity of repair parts 

8. Demand Vee report or request 

9. Request type -_recovery, repair, 
repair part, additional supfort 

QO. Repaira ility code 

1. Repair level code . 

2. Conditional mean time to refair 


ak) i 


by personnel type 
13. Number of mechanics oy personnel type 


B. State Dependent 


a 


| 

| 
| 
1. Location of equipment or parts stockage | 
2. Salvage code ; ; 
3. Conditional repair time in clock hours 

by personnel type. j 

4. Expected total repair time in clock hours 
5. Expected total recovery time in clock hours 
6. Parts acguisition time 
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III. MODELLING ISSUES 


A. INTRODUCTION 


Ia this chapter, several modelling issues are examined 
as preliminary information towards determining the structure 
of the initial stage maintenance support model in support of 
the Airland Research effort. Hughes states that "the pedes- 
trian process of pinning down the study objective, the deci- 
Sion criteria, the measures of effectiveness, the 
availability and quality of data, and the scenario will goa 
long way toward determining the structure of the model" 
[Ref. 6: pe 18]. 

In the context of determining the maintenance support 
model structure, overviews of the maintenance modelling 
methodology of two existing division level or higher combat 
models are presented and the following issues exanined: 

1. Possible objectives for modelling maintenance support 
in the Airland Research Model. 

2. The reguired resolution of the maintenance support 
model. 


3. Maintenance support data sources. 


Be TWO EXISTING MODEL METHODOLOGIES 


1. Force Combat Evaluation Model (FORCEM) 


FORCEM is a deterministic, theater-level combat 
model. Its representation of maintenance support is deter- 
ministic using expected value type data. The decision 


process of repair versuS recovery versus abandonment is 
explicitly modelied with user input static decision 
CERLer ia. However, the execution prccessesS are implicitly 
modelled [Ref. 7: pp. 6-23]. 
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The following maintenance furctions are modelled: 
battlefield recovery and evacuation which includes recovery 
time forecasting, self and like recovery, recovery asset 
allocation, and recovery execution; repair which includes 
repaic asset allocation, demand overflcw, and repair execu- 
tion; and repair parts supply which includes operational 
readiaess float (ORF) and repair parts issues. 

The mcdel represents equipment by general vehicle 
type classes and maintenance personnel as one personnel type 
capable of repairing any type of demand. Demands are of two 
types - DS or GS level repair. Repair parts are represented 
Simply as tons of parts and each general vehicle type 
require a predetermined gquantity in tons of repair parts. 

Recovery and evacuation routines are called once for 
every model cycle to collect casualties and yenerate mainte- 
nance gueues. Then the maintenance routines are called once 
every 24 hours of simulation tine. 

This model does not portray prioritization of work- 
loads nor does it allow for maintenance asset attrition any 


place other than at base locations - ecuipment pools. 


AURA is a Monte Carlo discrete event simulation 
model which analyzes the interrelations among available 
resoucces and the capability of the units to yenerate weapon 
systea missions ina dynamic wartime environment [Ref. 8:3 
pp. 13-9505 

Maintenance support is modelled explicitly in AURA. 
The model allows the user to specify up to 25 groupings of 
maintenance assets into shops and any number of user defined 
vehicle maintenance tasks. Also, each task can be defined 
aS either a one-step procedure, multi-step network of 


subtasks, or a sequence of multi-step task networks. 
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The maintenance functions represented are unsche- 
duled maintenance, pre-mission maintenance, battle damage 
repair, dererred maintenance, cannibalization, repair parts 
Supply with a user defined inventory list, and subcomponent 
repair. 

The model explicitly represents the maintenance 
decision processes. The repair versus evacuate decision 
process uses a user defined static decision criteria. The 
model forecasts return of inoperable equipment and genera- 
tion of mission needs of vehicle types for use in estab- 
lishing maintenance priorities for workload management. 

This model also aliows simulation of attacks upon 
rear areas for purposes of examining the effects upon main- 
tenance Support capabilities. 

Overall this model is rather robust as its design 
allows great flexibility in user definitions of equipment 
inventories, repair partS inventories, maintenance skills 
represented, combat force structures, and maintenance and 


supply doctrines. 


C. OBJECTIVES OF MODELLING COMBAT MAINTENANCE SUPPORT 


The ultimate objective of the Airiand Research Model is 
examination of the U.S. Army's AirlLland Battle Doctrine and 
the complex operational decisions of battle management. Any 
Maintenance support model designed as a part of this model 
must be structured to meet this objective. Thus, the main- 
tenance support model must primarily provide a manifestation 
of th2 impact of maintenance support upon the combat opera- 
tions of interest. 

Any study objective relating to this impact of mainte- 
hance support upon combat overations is relevant to. the 
Airlaad Research Model effort. Several of these possible 


objectives are listed below: 
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1. Determination of the combat value of maintenance 
support entities. 

2. Examination of the interrelationship between the 
maintenance, supply, and transportation support 
systems and their combined impact upon combat 
operations. 

3. Investigation of the effects of rear area interdic- 
tion upon maintenance Support entities and the resul- 
tant impact upon the maintenance support systen. 

4. Evaluation of specific maintenance management 
policies. 

5. Evaluation of the impact of Specific combat tactics, 
doctrine, force structures, or equipment moderniza- 
tions upon a current or proposed maintenance support 
systen. 

6. Determination of the characteristics of the mainte- 
Mance support demand function at any specific hier- 
archical level under "equivalent" scenarios and 
mission conditions. 

Obviously, several of these objectives can be met simul- 
taneosly. However, during the initial stages of research 
on the Airland Research Model, the focus is upon determining 


the combat value of maintenance support entities. 


D. ALTERNATIVE AETHODS FOR MAINTENANCE SUPPORT 
REPRESENTATION 


With the objectives of the maintenance support model 
develasped, the next issue is that of how to represent the 
Maint2nance support processes of returning weapon systems to 
combat. Two alternative methods of representation are: 

1. An explicit model of the seguentiai event processing 


of maintenance requirements, and 
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eee model eo@nr.) the processing of maintenance 
requirements utilizing a "black box" of prioritized 
stochastic processes which characterize the nmainte- 
Nance processes and generates returns to combat. 

Historically, combat models have been developed in 
Stages. The first stages attempt to capture the real world 
functions, parameters, and heuristics through development of 
explicit, sequential or sisultaneous, functional process 
representations. These first steps frovide the tools for 
the study of each of the functional precesses and the empir- 
ical evidence reguired to characterize the functions by 
stochastic processes. Thus, the later stages of combat 
model development attempt to capture the real world 
processes through development of implicit models of the 
functions using characteristic stochastic processes. 

Tae method of explicitly representing the sequential 
events of a process is relatively iess difficult to develop 
than the method of an implicit representation. The implicit 
metholi requires considerable effort and time in studying the 
real world processes of interest and explicit models of the 
processes in to gain inSight into identifying the stcchastic 


processes involved and developing a data base of process 


parameters. 
Tae identification of the significant stochastic 
processes and their parameters for combat maintenance 


Support has not received much effort from the U.S. Army 
modelling community up to now. Many explicit models of 
Maintenance support have teen develcped, but few have 
modelled maintenance support under combat conditions in 
tandea with a combat model. 

In this context, the method of representation of mainte- 
hance support in the initial stage modei in support of the 
Airland Research effort must be an explicit, sequential 


event method. 


45 


E- RESOLUTION OF MAINTENANCE SUPPORT 


A major issue in designing the maintenance support model 
is determination of the level of resolution or detail of the 
model. Should the lowest entity represented be battalion, 
company, section, team, or system crew? If the level of 
detail is very high, the modeller must be prepared to accept 
long anodel run times. Alternatively, if the level of detail 
is very low, the modeller mfust be prepared for a loss of 


variable interrelationship effects. 


1. Considerations in Determining a Level of Resolution 


The selection of an explicit wethod of representing 
Maintenance support requires detailed seguential process 
modelling. However, the level of resoiution must be based 
upon several other factors discussed LEeélow. 

One consideration is the complexity of the process 
being modelled. The maintenance support function is charac- 
terized by a hierarchical network of multistaged, priori- 
tized queues. The dynamic nature of the prioritization of 
these queues creates frequent preemption within the queues 
and an added difficuity in understanding the complex func- 
tioning of the queues. A logical initial resolution level 
in this context would be the lowest maintenance entity with 
queues. This entity is the company levei maintenance teap. 

A selection of a higher level of resolution would be 
more jesirable in order to reduce the numbers’ of entities 
represented and data storage reguirenents if a means for 
aggrejating individual personnel type or team maintenance 
function parameters was available. However, methods of 
aggrejating the functioning of the diverse personnel skills 
of maintenance support have not been fully developed to 
date. Thus, a higher level of resolution than company level 


Maintenance team is initially infeasible. 
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Another consideration in determining the level of 
resolution is the availability of comrat maintenance denanda 
parameters. Currently, almost no comrat data on the combat 
damag2 of weapon systems exist. This lack of combat damage 
data leads to a need to develop a detailed model to provide 
a reservoir of raw pseudo-data and benchmarks as suggested 
by Hughes [Ref. 6: p. 20]. 


2. Proposed Level of Resolution 


Due to the complexity of the maintenance support 
queueing network and the lack of aggregated personnel type 
repaic function parameter data, the level of resolution 
selected for the initial stage mainterance support model is 
the company level maintenance tear. The individual 
personnel types can be represented as attributes of the 
entities for the purpose of using repair function data by 
individual personnel type. Subseguent research utilizing 
the initial stage maintenance support model should provide 
data for aggregation to a higher level of resolution. 

It is also proposed that maintenance demands have an 
initial level of resolution of individual weapon systems by 
type jiespite the scarcity of compat damage data. This level 
of resolution allows examination of the non-homogeneous 
effects of different repair tasks and weapon system types. 
However, the number of type repair tasks by weapon systen 
type is to te limited to a representative set of tasks for 
each level of maintenance support chosen by expert judgment. 
Each task andthe repair part types needed must = match 


specific personnel types. 


Fe DATA SOURCES 


Several possible data sources for the primary mainte- 


Nance support data needs are identified and briefly 
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discussed in this section. In many cases suitable data for 
all maintenance Simulation needs does not exist. However, 
proposed methods cf obtaining or preducing the data are 
discussed. 

Aa initial starting point ina séarch for any of the 
required maintenance data is the Maintenance Task Demand 
(MTD) file maintained at the U.S. Army Logistics Center. 
This file was developed and designed by the BDM Services 
Company for the U.S. Army Logistics Center as an automated 
data system for maintenance oriented modelling and simula- 
tion needS at the center and its associated schools 
[Ref.j 9). Some of the key data elements included in the 
file jesign are: 

1. End item identification and infcrmation. 

2. Scenario codes. 

3. Mean time between failure data. 

4, Mean time to repair data. 

5. Manpower Authorizaticn Criteria (MACRIT) data. 
6. Mainterance Aliocation Chart (MAC) data. 

7. Equipment usage data. 

8. Maintenance tasks requirements. 

9. Repair parts requirements. 

10. Personnel type requirements. 

A major disadvantage to the use ci the MTD file asa 
data source is that only five end items are currently main- 
tainei in the file. 

Other possible data sources by kev data types are 
discussed below. 


i. Eguipment Combat Damage Distrikution Data 


Currently, almost no combat damage distributions by 
equipment type exist in the U.S. Army. This is due to tne 
general lack of reliable combat data and the relative 


newness of the U.S. Army's current equipment. HOWeveLl, a 
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study was conducted using combat data from the 1973 Middie 
East dar by the U.S. Army Ordnance and Chemical Center and 
School to generate a combat damage distribution of the M60A1 
etl K.. 

This study produced the Comkat Damage Assessment 
Model (CODAM) [Ref. 10]. The study group utilized actual 
hit locations and perforations from 200 tanks damaged during 
the war to compile a distribution of hits modei and a pene- 
tration model. The study group then utilized ballistic 
phenomenological data to construct damage cones for each 
perpeadicular shot line. The compiled lists of Shot lines 
and damage cones were then given to work groups of senior 
enlisted and warrant maintenance perscnnel as expert judges 
to determine the extent of probable damage, level of mainte- 
hance needed, Manpower reguirementsS by personnel type, 
repaic parts needs, and estimated repair times. These work 
group worksheets were then compiied into damage distribu- 
tions for each shot line. 

The major drawback to the CODAM study is its limita- 


tion toa single weapon system under a single scenario. 


However, extensions of the study are feasible utilizing 
vulnerability and shot line models from the U.S. Army 
Ballistics Research Laboratory (BRL) and hit probabilities 


from Army Materiei Systems Analysis Activity (AMSAA) to 
develop a computer based model for generation of combat 
damag2 distributions. 

An exploratory use of this methodology has_ been 
accomplished in the generation of combat damage demands in a 
Manpower Authorization Criteria (MACRIT) study [Ref£. 11: pp. 
sy eo 20 | This Study “ut 1 lezed Sustainability 
Predictions for Army Spare Component Requirements for Combat 
(SPARC) generated by BRL and AMSAA which yielded sets of 
shot lines and their probabilities of occurrence and a list 
of conponents damaged. 
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In addition to the MTD file, several other possible 
sources of equipment failure distributions exist dependent 
upon the form of the data required. In most cases the data 
is mean time between failures (4TBF) in either distances or 
time. Some of these possible sources are; 

1. Unit eguipment maintenance histcrical records. 

2. Selected end item data collected by the Army Materiel 
Command ({AMC). 

3. Equipment maintenance historical records of equipment 
in the National Training Center (NTC) equipment 
poois. 

A major drawback to all of these sources is tnat the 
data collected reflects a peacetime usage rather than a 
wartime usage. In this context, the NTC equipment records 
more closely approximate the war time environment since the 
equipment is only used for force-on-force war game exer- 
cises. Aliso, since the data collection methods of these 
sources waS not originally intended for Simulation uses, 


data quality problems could be substantial. 


3. Equipment Repair Time Data 


Possible sources of equipment repair time data in 
addition to the MTD file are Similar to those for eguipment 
failure distribution data. This repair time data 1s most 
commonly obtained aS mean time to repair (MTTR) in manhours 
by personnel type. Two possible sources are: 

1. U.S. Army Maintenance Allocation Chart (MAC) tech- 
Rical manuals. 
2. Standard Army Maintenance System (SAMS) records. 

Again both sources reflect a peacetime environment 

where most equipment is repaired in fixed or semi-fixed 


Maintenance facilities and not in the field. Additionally, 


ow 


the SAMS data is iimited to DS or higher type repairs and is 
Maintained at individual maintenance company or battalion 
levels. 

For lack of a better source, the MAC technical 
manuals are the most readily available and require the least 
amount of data compilation. A MAC technical manual is 
published for each weapon system in the 0.S. Army. ct 
provides expected repair times in manhours at each mainte- 
nance level for detailed equipment subcomponent repair tasks 
which are identifiable to fersonnel types. An example of 
the informaticn in a MAC is shown in figure 12 [Ref. 12:  p. 
=) ae Additionally, MACS were used in the previously 
mentioned MACRIT study and matched SPARC component lists to 


Maintenance tasks for generation of maintenance demands. 


4. Other Maintenance Data 


Other maintenance data required Such as percentage 
daily work hours by personnel type, movement caused work 
capability changes, and maintenance time criteria by 
personnei type are not readiiy available. They require 
expert heuristic judgment as a basis fer development. 

In summary, the issues of the maintenance modei's 
study objectives, level of resolution, and data sources were 
discussed to provide foundational information for struc- 
turinjy the model. An actual formulated structure of the 


Maintenance model is presented in the next chapter. 
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SECTION Il. HULL AND RELATED COMPONENTS 
(1) (2) (3) (4) (6) 
GROUP COMPONENT/ MAINT. MAINTENANCE CATEGORY REMARKS 
POWERPACK 
ASSEMBLY 
i ENGINE 
0120 ENGINE inspect 
ASSEMBLY Test 
Service 
Adjust 
Replace 
Repair : 1.3.9,12.14, 
Se 7 
Overhaul e 
O121 COMPRESSOR Replace 
ASSEMBLY. Reoarr ° 
FORWARD ENGINE Overnaul . 
MODULE 
SCREEN Reolace 
ASSEMBLY Reoair L3.15,25 
LINER ASSEMBLY, insoect 
COMBUSTOR Reolace 
Reoair . 
iGV AND BLEED Reolace 9.11 
ACTUATOR Repair SRO ele 27 0 | 
VALVE. Replace 1S 
BUITERFEY. Repair . 
AIR-BLEED 
Figure 3.1 Maintenance Allocation Chart Information. 
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IV. MAINTENANCE SUPPORT MODULE DESIGN 
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Aj INTRODUCTION 


Tais chapter presentS a general ccncept for the design 
of tha maintenance support model for the Airland Research 
Model. The general processes uniquely involved in mainte- 
nance support are identified, described, and categorized as 
either a planning or an execution process. A generalized 
structure of the model is proposed by identifying and 
describing the model compenents and their interrelation- 
ships. Also, some specific planning processes which are 
developed into algorithms in this thesis are discussed in 
detail. 


B. MAINTENANCE SUPPORT GENERAL PROCESSES 


1. Dypes of Processes 


Every maintenance support process is classified as 
either a planning or an execution prccess. The planning 
processes synthesize less complete state information into 
orders or actions which are input to the execution processes 
aS guidance. The execution processes subsequently carry out 
assigned tasks using the most current and complete state 
inforaation within the guidelines established by the plan- 
ning processes. If the current state information indicates 
conditions which violate the pianning guidelines, the execu- 
tion processes provide feedback to the planning processes 
for updating guidance. The result is that the planning and 
execution processeS interact iteratively until a specific 
task or misSion 1S accomplished or canceiled. A depiction 


of this interaction is Showa in figure 4.1. 
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Figure 4.1 Planning and Execution Interaction. 


Since most maintenance information is state depen- 
dent, decisions are made in both planning and execution 
processes. The maintenance information needed for these 
decisions 1s updated by reports from external sources or 
from internal feedback. However, in gost cases the primary 
difference between Similar decisions within a planning and 
an execution process is that although the execution process 
decision is made with identical loyic as the planning deci- 
Sion, the execution process decision uses more current and 
detailed information. 

Planning processes essentially make decisions by 
forecasting the future state of maintenance support and 
makiny feasibility checks against established guidelines. 
The forecast horizon used is identical to the magnitude of 
the supported unit's area of interest time. These times are 


12 hours for battalion level, 24 hours for brigade level, 
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and 72 hours for division level [Ref. 13: pe B-4}. The 
forecasts are either heuristic or utilize the physical 
subprocesses of the execution processes. 

Execution processes consist of two type subpro- 
cesses: decision and physical. The decision subprocesses 
make feasibility checks on current state information asa 
decision basis without forecasting future states. The phys- 
ical subprocesses perform assigned physical tasks such as 
repairing an item of equipment or recovering an iten of 


equipment. 


2. Key Maintenance Suprort Processes 


a. Planning Processes 


All the planning processes discussed in this 
Chapter are short term in nature, since long term mainte- 
Mance support planning processes have planning horizons 
which exceed the proposed battle lengths of the Airland 
Researtch Model. 
There are six basic maintenance support planning 
processes which should be modelled. The six processes are: 
1. Triage. 
Ze Workile@ad prioritization. 
3. Maintenance time criteria update. 
4. Work capability cnange forecast due to forecasted 


movement. 
> llocation of maintenance entities for support. 
6. Allocation of maintenance suppcrt teams ({MSTs) for 


temporary forward deployment. 
Eacn If these processes is discussed below. 
Triage is the first planning process to occur 
after receipt of a maintenance demand. The triage process 
decides whether to satisfy or cancel the demand at’ the 


receiving maintenance entity or to pass the demand to the 


next aigher supporting maintenance entity. This decision is 
based upon the priority assigned to the demand, and the 
receiving maintenance entity's workload and the maintenance 
time criteria (MTC). 

Workload prioritization iS an ongoing process 
which uses the current state information as a basis for 
asSigament of maintenance priorities. Both unit and equip- 
ment priorities are established for each maintenance hier- 
arcnaisal level by the primary maintenance entity at that 
level. Unit priorities are identical to the current 
tactical unit priorities established by the supported combat 
force commander. Equipment priorities are based upon the 
current pooled operational readiness rate of the eguipment 
type at the hierarchical level concerned; whether the equip- 
ment type 1S the unit's primary weapon system; and the 
equipaent priorities established by the next higher hier- 
archical level. Normally, the maintenance demand queue of a 
Maintenance entity 1S prioritized by nesting the equipment 
prioritization Scheme within the unit frioritization scheme. 
This process 1S initiated by a change in the supported hier- 
archy's mission posture or by the nth demand received ata 
Maintenance entity since the last priority update. 

Maintenance time criteria (MTC) determination is 
the process of updating the initially established MTCs. 
Each operations order/plan generates an initial set of MTCSs 
for the maintenance entities involved based upon the 
supported hierarchy's mission posture. Each entity's MTC 
reguires reevaluation whenever one of the three following 
events occur: the supported hierarchy's mission posture 
Chang2s; the receipt of the nth demand for a personnel type 
at tne Maintenance entity; or displacement prepara- 
tion (completion) begins (ends). 

The work capability change forecast process is 


the process of using the updated forecasted displacement 
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times of the maintenance entities for the current combat 
mission being executed to generate uydated scheduled work 
force capability changes for execution of the planned mnove- 
ment. These scheduled changes are subsequently used for 
updating the maintenance time criteria (MTC). Each opera- 
tions order/plan generates a forecast cf each force's trains 
displacements. This forecast is made Ly the supported force 
commander with anput from the various logistical elements of 
the force's trains. These four primary factors influence 
the need for displacement of a unit's trains: 

1. The trains location be no closer than a Mmininun 
distance from the enemy. 

2. The trains location be no farther than a maxinun 
Support distance in time from the units being 
supported. 

3. The trains location be no farther than a nmaxinun 
communications distance from the next higher level of 
support. 

4. The existence of a more Suitable trains location if 
any of the three factors above are violated. The new 
location must meet the criteria stated above as well 
as being suitable terrain for lcgistical operations. 

For each change in the forecasted frovement time, theses 
process generates the times at which the work force capa- 
bility of the maintenance entity is degraded (for pre- 
movement preparation) and improved (for after movement 
set-up stage completion). These times are at preset inter- 
vals from the forecasted movement and arrival times. 
Allocation of maintenance entities for Support 
as norcmally done only once within the initial operations 
planning sequence. Organic maintenance entities within the 
davision have well established suppcrt assignments which 
Change only upon major combat losses by maintenance enti- 


ties. In such a case of combat loss, support assignments 
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are normally reallocated by hierarchical level by combining 
the remaining maintenance assets of a damaged entity with 
another entity which then assumes the support mission for 
both the damaged entity and itself. Maintenance entities 
proviljed from Corps assets to the division are normally 
integrated into the division level maintenance effort in the 
Division Support Area (DSA). 

Allocation of maintenance teams or maintenance 
support teams for forward derloyment in a temporary support 
role 1S an ongoing process. Deployment of these teams is 
based upon the simultaneous existence of the following 
factors: 

1. The supported maintenance entity has a backlog of 
demands which exceeds its caparility within current 
Maintenance time criteria (MTC) but several of the 
backlog demands could be repaired within the mainte- 
Mance time criteria (MTC) with additional personnel 
and equipment and require no waiting for parts, and 

2. The supporting maintenance entity has an excess of 
available capability or the recovery backlog at the 
Supported maintenance entity exceeds a threshold. 

If these simultaneous conditions are met, a maintenance 
team (s) is deployed forward until either the identified 
backlog demands are completed or the supporting maintenance 
entity's worklcad exceeds its threshold andthe backlog 
demanis of the supporting entity with no parts shortage have 
highec priorities than the demands being repaired by the 
deployed tean. 


ie Execution Processes 


There are several execution processes unique to 
the maintenance support model. The key execution processes 
required for modelling maintenance are: 


1. The repair process. 
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2- The repair parts supply process. 
3. The recovery process. 
4. The maintenance demand generaticn process. 
5. The reports process. 
6. ‘The return (return of repaired items to owning units) 
process. 
7. The maintenance Support tean (MST) deploynent 
process. 
Each of these execution processes is discussed below. 
The repair process allocates available (organic, 
attached, and OPCON) maintenance assets - personnel ana 
equipment - to satisfy the maintenance demaads on a mainte- 


NMance entity's waiting repair list which 1s updated by the 


triag2 planning process. These demands include equipment 
repair, conduct of contrclied exchange, and conduct of 
cannibalization. These demands are processed according to 


the cirrent maintenance priorities. For those demands which 
are repairs, the process sends a report to the repair parts 
supply process to update the stockage list. The process 
matches the appropriate type(s) of personnel and equipment 
to the demand's equipment repair code and determines’ the 
completion time for the demand. Then the process places the 
demanji on the waiting pickup list and removes it fron the 
waiting repair list. The return precess is then sent a 
report of completion as weli as the maintenance demand 
generation process for scheduling of the next failure for 
the iten. 

The repair parts supply precess issues, requisi- 
tions, and receives repair parts. A report received fron 
the repair process causes the repair parts supply process to 
decrenent the stockage appropriately. The process’ then 
checks the updated stockage level to determine if the 
reord2r point has been reached. If the reorder point has 


been ceached, the process generates a regquisition for the 
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quantity of parts to bring the stockage "tomiuwi awenor1 zi. 
tion and sends it to the supporting repair parts Supplier. 
Also, this process generates a requisition for the repair 
parts needed for each demand placed on the waiting parts 
list oy the triage process. The receipt action of this 


process iS initiated by a report of receipt of a reguisi- 


trons The process then checks the requisition to determine 
whether it was a stockage (due-in) or demand (due-out) 
request. If the request was for stockage, the process 


updates the stockage level and removes the reguisitions from 
the die-in list. If the reguest was a demand, the process 
changes the waiting parts attribute of the highest priority 
Maint2nance demand reguiring only that part, tags the part 
to tha demand, andif ali parts needed by the demand are on 
hand, places the demand on the waiting repair list. 

The recovery process allocates available 
(organic, attached, and OPCON) recovery assets to satisfy 
the maintenance demands on a maintenance entity's waiting 
recovery list. The demands are processed according to the 
curreit maintenance priorities. The process determines the 
location to which the itemis to be recovered, and the 
compl2ation time for the recovery oferation. This time 
inclules pre-recovery, recovery, and post recovery times. 
The aaintenance demand is then removed from the waiting 
recovery list and placed on the waiting return list of the 
Maintenance entity. The process also generates a recovery 
request type maintenance demand to the supporting mainte- 
nance entity with duplicate information of the original 
demani. This recovery request demand is then placed on the 
Supporting maintenance entity's waiting triage list. 

The maintenance demand generation process has 
two parts: one which generates eguipment failures and 
another which generates combat damage based upon input from 


a coabat attrition model. The eguipment failure part 
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utilizes the failure time distributicns and failure type 
distributions of each type of equipment and through use of 
Monte Carlo methods initially schedules a failure time and 
an egqiipment repair code (ERC) for each item of equipment. 
These "scheduled" failure times with ERC are regenerated 
after each repair completion. When a scheduled failure time 
occurs a report of the equipment failure is sent to. the 
Supporting maintenance entity and the owning unit's equip- 
Ment status is updated. Ccmbat damage generation is initi- 
ated py a report from the combat attrition model identifying 
the specific items of equipment and the owning units. The 
process uses the equipment type combat damage distributions 
and Monte Cario methods to determine an equipment repair 
code for each iten. A report for each item is then sent to 
the appropriate supporting maintenance entity and the owning 
unit for equipment status update. Also, for each item 
combat damaged, the process resets the item's scheduled 
failure time to zero. 

The reports process sends the recquired reports 
from 2ach maintenance entity to its apfropriate report head- 
guarters at the prescribed report interval or upon violation 
of established planning thresholds. These reports are used 
by hijher level maintenance entities for planning purposes. 
The key reports submitted are the unit egquipment status, 
unit workload in both recovery and repair, and the current 
repaic parts stockage levels. These reports are submitted 
through command channels and through maintenance channels at 
intervals established by higher headguarters. 

The return process returnS a repaired item to 
the owning unit when report of repair completion is received 
from the repair process. The process determines the time to 
retura the item - notification of owniny unit time and 
actual return time - and schedules the update of the owning 
unit's equipment status. The process additionally removes 


the maintenance demand from all waiting return lists. 
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The MST deployaent process removes the appro- 
priate cGuantity of personnel and eguipment from the 
Suppocting maintenance entity's availabie assets list and 
places them on this entity's deployed list. The process 
then schedules the travel to the supported maintenance 
entity by sending a transportation notice to the transporta- 
tion model. The process also places the designated guantity 
of parsonnel and eguipment on the supported naintenance 
entity's asset list with a pending arrival code. A report 
of movement completion from the transpcrtation model changes 
this pending arrival code to an OPCON code. If the 4ST 
fails to finish the movement for any reason, the report of 
this occurrence results in removal cf the MST from the 
supported maintenance entity's asset list and generates a 
new call to the allocation of maintenance assets for tempo- 


rary ‘forward deployment process for a new planning decision. 


C. GENERAL STRUCTURE OF THE MAINTENANCE SUPPORT MODULE 


1. Components of the Module 





The maintenance support model must consist of 
several maintenance unique components which are sequences of 
either planning, execution, or both tyfe processes. Each of 
the components has a staple seguence of processes woich 
interacts with other components of the maintenance model or 
external models of the combat model. 

There are seven principal comfonents of maintenance 
Support which reguire modelling. The seven components are: 

1. Maintenance Demand Generation. 

2. Maintenance Demand Scheduling. 

3. Maintenance Demand Execution. 

4. Workload Prioritization. 

5- Maintenance Time Criteria Determination. 


6. Work Capabiiity Change Forecast. 
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i. PRoporting: 


Each of these components and their sequence is discussed 


below. 
a. Maintenance Demand Generation Component 
The Maintenance Demand Generation component 
begins with the combat model initialization, attrition 


PeoultsS, completion of a demand's repair, or occurrence of a 
schediled failure time as input to the maintenance demand 
generation process. The maintenance demand generation 
process uses the input and either schedules item failure(s) 
or yenerates a maintenance demand to the appropriate mainte- 
nance entity for input to the maintenance demand scheduling 


compoaent. This seguence is shown in fiyure 4.2. 
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Figure 4.2 Maintenance Demand Generation Component. 
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b. Maintenance Demand Scheduling Component 


The maintenance demand scnaeduling component 
begins wita the generation of a maintenance demand. This 
demanji 1S input to the triage process. The triage process 
either schedules repair, repair parts requests, oor both at 
the maintenance entity; scheduleS organic recovery of the 
demani to the supporting maintenance entity; requests evacu- 
ation of the demand to the supporting maintenance entity; 
requests recovery Support from the supporting maintenance 
entity;or declares the demand non-repairable and schedules 
Salvaje. If the demand 1S not scheduied for repair at the 
current maintenance entity, the demand is perpetuated as a 
suppl2mental demand to the Supporting mraintenance entity and 
input again to the triage process. This cycle continues 
until the demand is scheduled for repair or declared as 
Salvaje. This sequence of the maintenance demand scheduling 


component is Shown in figure 4.3. 
Cc. Maintenance Demand Executicn Component 


The maintenance demand execution component 
begins with the scheduling of a demand for recovery, repair 
parts supply, or repair. If the demand 1s scheduled for 
repaic parts supply, it is input to the repair parts supply 
process which requisitions the needed farts and upon receipt 
schedules the demand for repair. Once a demand is scheduled 
for repair it iS input to the repair process and upon 
completion submitted to the return process which updates the 
owninj unit equipment status and returns the equipment to 
that unit. If the demand is scheduled for recovery, it is 
input to the recovery process and upon completion a supple- 
mental demand is generated and input to the maintenance 
demanji scheduling component. This seguence of the mainte- 


hance demand execution component iS shown in figure 4.4. 
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Figure 4.3 Maintenance Demand Scheduling Component. 


d.- Workload Prioritization Component 


The workload 


either a 


prioritization component begins 


with change in a supported hierarchy's mission 
posture or the generation of the nth demand to a maintenance 
entity since the last priority update 
The 
of an updated priority list for the maintenance entity which 
is to the 


recovery, and repair parts supply processes. 


as input to the work- 


load prioritization process. result is the generation 


Subsequently used as input triage, repair, 


This sequence 
of the workload prioritization component 
os. 


is shown in figure 
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Figure 4.4 Maintenance Demand Execution Component. 


e. Maintenance Tine CE litem. a Deternination 
Component 
The Maintenance tine criteria determination 


component begins with the input of a change in a supported 
unit's mission posture, the receipt of the nth demand of a 
personnel type since the last update, or the occurrence of 
an entity's movement work capability change time. This 
input initiates the maintenance time criteria determination 
process which generates anew set of Maintenance tine 
criteria for each personnel type of the maintenance entity. 
These new maintenance time criteria are subseyuvently used as 


input to the triage process. This seguence of the 
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Figure 4.5 Workload Prioritization Component. 


Maintenance time criteria determinaticn component is shown 


in figure 4.6. 
f. Work Capability Change Forecast Component 


The work capability change forecast component 
begins with the input of an updated smovement time forecast 
for the current operations order/plan, due to the violation 
of a @aintenance entity's minimum distance from the eneny, 
maximinm distance from its supported units, or maximum comnu- 
nications distance from its supporting mainterance entity. 
From this input the process generates a set of work force 
Capability change times for the maintenance entity. Each of 
these times iS input to the MTC determination component at 
the scheduled time. This sequence of the work capability 


Change forecast component is shown in fiyure 4.7. 
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Figure 4.6 Maintenance Time Criteria Update Component. 


ge Reporting Component 


The reporting component is initiated by the 
input of the occurrence of a required report interval time 
ocr th2 violation of a planning threshold at a maintenance 
entity. This input initiates the reports process which 
generates the appropriate report and schedules the sending 
of the report over the proper communications line to the 
propec reporting headquarters. These submitted reports are 
Subseyuently used to update the status files of “tie 
Suppocting maintenance entity for use aS input to the MTC 
deternination component or the workload prioritization 


compoaent. This Sequence is shown in figure 4.8. 
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Figure 4.8 Reporting Component. 
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Maintenance Component Interrelationships. 


D. SPECIFIC PLANNING PROCESSES DEVELOFED 


An algorithm for each of the following three planning 
processes was developed for the maintenance support model: 

1. triage. 

2. Workload prioritizaticn. 

3. Maintenance time criteria update. 
The complete detailed algorithms are found in Appendix C. 
The format of the algorithms in Appendix C is "pseudo-code" 
from which a programmer can build actual subroutines in a 
specified computer language. A listing of variable and list 
definitions is found in Appendix B. 

Tae following three planning process aigorithms were not 

developed: 
1. Work capability change forecast. 
2. Allocation of maintenance entities for support. 
3. Allocation cf MSTs for temporary forward deployment. 

Tae work capability change forecast process algorithn 
waS not developed at this stage of research Since neither a 
unit movement model nor a transportation model have been 
developed for the Airiand Research Model as yet. Without a 
firm concept of the unit movement decision process) and 
transportation allocation process, design of the work capa- 
bility change forecast frocess iS premature. 

The allocation of maintenance supfort teams (MNSTs) for 
temporary forward deployment process algorithm's development 
is delayed et tesla basic maintenance Support model 
portraying fixed support allocations is operational. The 
complexity of this forward deployment decision process and 
its dynamic interaction with all other maintenance processes 
requires the insight of Simulation results froma first 
stage model to assist algorithm development. | 

Tne allocation of maintenance entities for support 


process algorithm's development is also delayed until both a 
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basic division level maintenance supfort model and Corps 
level maintenance support model are designed and opera- 
tional. This allocation process is the mission of the 
Division Materiel Management Center (DMMC) and it involves 
the allocation of both division and operationally controlled 
(OPCON) Corps maintenance assets. Initial Simulations with 
fixed Support allocations will provide crucial insight as to 
methois of modelling this complex allocation process. 

In the following subsections, a general description of 
each Jeveloped algorithm is presented in a format similar to 
that of Software Documentation Design Language (SDDL) to 
provilje an overall view of each planning process. The SDDL 
methoil was chosen as the means for presentation vice flowc- 
harts because the SDDL method is the current accepted stan- 
dard in the military modelling community. The step numbers 
given are identical to those in the algorithms in Appendix 
C. 


1. riage Process 


The triage planning process model represents’ the 
maintenance demand scheduling process of a maintenance 
entity. The model 1S a sé€guential comparison of repair 
completion time forecasts to a refair completion time 
threshold (maintenance time criteria - MTC). If this 
threshold is exceeded, then the scheduling of recovery or 
evacuation is modelled; otherwise the scheduling of repair 
1s accomplished by placing the demand in the maintenance 
entity's waiting repair queue. The scheduling of recovery 
is modelled by comparing a forecasted recovery completion 
time toa recovery completion time threshold. Organic 
recovery assets are scheduled if this recovery completion 
time threshold is not exceeded; otherwise a request toa 
Suppocting maintenance entity is generated for accomplish- 


ment »f the recovery task. 
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This model oz the triage planning process differs 
from the real world method of conducting the process in that 
ad hos mathematical formulas are used to obtain forecasted 
repaic or recovery completion times rather than the 
heuristic methods of the real world. The actual heuristic 
forecasting methods are unknown and ill defined in actual 
practice. HoweveL, the ad hoc mathematical formulas are 
based upon this author's experience in making such heuristic 
forecasts and attempts to capture the significant variable 
involved in forecasting these completicn times. 

The step seguence of the triage planning process is 
given below with step numbers identical to the algorithm in 
Appeniix C: 

1. Increment the total demand counter of the maintenance 
entity. 

2- Determine the type of demand. If the type is 
recovery request go to the recovery allocation steps 
of the process {steps 15-18). 

3. Determine the repairability of the item or eguipment. 
If 1t is tnon-repairable go to the recovery steps of 
the process (steps 715-18). 

4. Determine the repair level required for the demand. 
If the repair level exceeds the repair level of the 
Maintenance entity go to the recovery ailocation 
steps oi the process (steps 15-18). 

5. Determine the expected repair time in manhours for 
each personnel type required fcr the demand, condi- 
tioned on the assumption of immediate availability of 
all personnel, equipment, and parts. Also, determine 
the number of each personnel type needed and incre- 
Ment the demand ccunter fcr each appropriate 
personnei type by one. 

6. Determine the conditional repair time in clock hours 


for each personnel type. 
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10. 


tele 


tie 


13. 


Make a first feasibility check to repair at the 
current maintenance entity. If any conditionam 
repair time for a personnel tyfe is greater than the 
Maintenance time criteria for that personnel type at 
the current maintenance entity, go to the recovery 
allocation steps of the process (steps 15-18). 
Determine the repair partS reguirements for the 
demand and the available Sources of the parts 
(controlled exchange, cannibaiization, Supp 
stockage). Then determine the total forecasted parts 
acguiSition time for each personnel type. 

Determine the expected completion time for each 
personnel type in clock hours as if the demand was 
repaired at the current maintenance entity using only 
available assets. 

Make a final feasibility check for repair at the 
current maintenance entity. If any expected comple- 
tion time for a perscnnel type is greater than either 
the maintenance time criteria for that personnel type 
or the forecasted movement time of the current Main- 
tenance entity go to the recovery allocation steps of 
the process (steps 15-18). 

Schedule the appropriate execution processes 
repair, repair parts supply, or both. Then place the 
demand on the appropriate waiting execution list 
(queue). 

Check the current maintenance entity's total demand 
counter and divide it by the preset number of demand 
receipts between priority updates - on. If the 
remainder equals Zero call the Workload 
Prioritization process. 

Check if any of the demand counters by personnel type 
exceeds the preset number of demand receipts of a 


specific personnel type between maintenance time 
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14. 
15. 


16. 


7. 


iS 


Gmeeerid ueedees =els fhis n may be idénticai to the 
hin the step above. For a p~ersonnei type demand 
counter exceeding n, calculate the current mainte- 
hance entity's current total workload for that 
personnel type in manhours and call the Maintenance 
Time Criteria Update process. 

DEC D . 

Begin recovery allocation steps. Determine the type 
recovery vehicle needed to recover the demand and 
whether that type recovery vehicle iS available at 
the current maintenance entity. If that type vehicie 
is not available, place the demand on the entity's 
waiting recovery list and generate a new identical 
demand (with demand type of recovery request) to the 
supporting maintenance entity. 

Add the demand to the waiting recovery list of the 
current Maintenance entity acccrding to its mainte- 
Nance priority. 

Determine the forecasted transport time by calling 
the transportation model. Then determine the total 
expected recovery mission completion time in clock 
hours. 

Conduct a feasibility check of the expected total 
recovery @1Ssion completion time against the recovery 
time criteria of the maintenance entity. If the 
expected total mission time exceeds the recovery time 
criteria generate a new identical demand (with demand 
type of recovery request) to the supporting mainte- 
Nance entity and place the demand on the current 
maintenance entity's waiting recovery last. 


Otherwise, schedule the recovery execution process. 
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2. Workload Prioritization Process 
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The workload prioritization prccess model represents 
the dynamic prioritization process of a maintenance entity's 
workload. This process is modelled as a two step process. 
First, the determination of supported unit maintenance 


priorities is modelled by setting them egual to the current 


tactical unit priorities. Second, the determination of 
equipment type Maintenance priorities is modelled by 
grouping the equipment types into two groups: primary 


weapon systems of the Supported units and ali other equip- 
ment types. These two groups of equipment types are then 
ordered by increasing current operational readiness rates. 
This model of dynamically prioritizing a maintenance 
entity's workload differs from the real worid process in 
that the two prioritization schemes are ad hoc formulations 
intenied to represent the essential factors involved in 
prioritizing maintenance workloads. In actual real world 
practice, personal judgments and heuristic forecasting of 
the nature of the future workload are the basis of prioriti- 
Zawikon. However, these heuristic fcrecasts and judgments 
are not well defined as decision criteria. The prioritize. 
tion schemes formulated offer an initial dynamic prioritiza- 
tion jecision criteria methodology. The formulated nethod 
Should not differ significantly from actual practice since 
unit priorities should logically be dependent upon _ the 
tactical unit priorities and eguipment priorities should be 
depenient upon the unit priorities and the current combat 
importance of the equipment type. 
The step sequence of the workload prioritization 
planning process is: 
1. Determine the maintenance entity's hierarchical 
level. If the hierarchical level is company level go 
to step 3. 
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2. Set the maintenance entity's unit priorities equal to 
the supported hierarchy's tactical unit priorities. 

3. Update the equipment priorities by ordering the 
equipment types according to the following scheme: 
group by pacing (unit primary weapon systems) items 
and all other items; then within each of these two 
groups order the equipment types by increasing opera- 
tional readiness rates aggregated at the supported 
hierarchy level. 

4. Stop. 


3. Maintenance Time Criteria Update Process 
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The maintenance time criteria update process model 
represents the dynamic updating of the repair completion 
time thresholds ({MTCs) for each personnel type of a mainte- 
hance entity. This updating is modelled by proportionally 
Changing an MTC for a personnel type by the identical 
proportionally change in the personnel type work capability 
of the maintenance entity. 

In the real world, Maintenance time criteria are 
seldom updated. When they are updated, the update is 
usually in response to a change in the tactical mission of 
the supported unit. However, the ccncept of taintenance 
time criteria was designed with a goal of distributing the 
maintenance workload among the total hierarchy of mainte- 
Nance assets. The model procedure of dynamically updating 
the maintenance time criteria provides an initial method- 
Ology for dynamically updating MTC and can provide results 
which yield insight into better methodologies for distrib- 
uting the maintenance workload. 

The step seguence of the maintenance time criteria 
update process is: 

1. Determine the type of input: mission posture change, 


periodic, or work capability change for movement. [If 


Tal 


the type input 1S Mission posture Change go to stes 
Zs if the type input is periodic go to step 3. it 
the type input is work capability change for movement 
go to step 4. 

Update all Maintenance time criteria for each 
personnel type of the maintenance entity by 
conducting atable look up and matching the new 
mission posture of the supported hierarchy to appro- 
priate maintenance time criteria. Go to step 5. 
Determine the maintenance entity's workload capa- 
bility and upper and lower workload threshoids for 
each personnel type. If either threshold is violated 
by the current workload of a personnel type, change 
the maintenance time criteria for that personnel type 
proportionally according to the magnitude of the 
deviation of the current workload from the workload 
capability. Go to step 5. 

Determine the proportional change in the work capa- 
bility and change the maintenance time criteria for 
the appropriate personnel tyre by an identical 
proportion. Go to step 6. 

Set the demand counter for each appropriate personnel 
type to zero. 


Stop. 
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V. SUMMARY AND DIRECTIONS FOR FURTHER RESEARCH 


A. SUMMARY 


Tais thesis has presented an explicit, seguential event 
structural design for the initial stage maintenance support 
modei in support of the Airland Research effort. The thrust 
of tha design of the module was to develop specific rule- 
based decision algorithms in support of both planning and 
execution precesses and to identify the functions within the 
Maint2nance support system requiring modelling. Algorithms 
with dynamic decision criteria were developed for three 
specific maintenance support planning processes which have 
heretofore been undeveloped within the military modelling 
community. 

The formulated planning algorithms provide an initial 
set of cohesive algorithms for building an initial stage 
vertical slice maintenance support model. The subseguently 
developed initial maintenance support model can provide the 
means of studying the maintenance support functions in 
tandem with some type of combat feeder model in order to 
develop a largely implicit maintenance support model capable 


OL variable resolution for the Airland Research Model. 


Be DIRECTIONS FOR FURTHER RESEARCH 


Full scale development and completion of the maintenance 
Support module requires further research in several areas. 
some of these research aréas and recommended directions for 
that rcesearch are presented Lelow. 

Currently, research is underway to examine the issue of 
tactical movement planning and decision logic utilizing unit 


mission posture templating. Once this research begins to 
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cone to irureien, insigits into the interrelationship 
between the combat unit movement planning and the movement 
of lojistical support areas will surface. Then the mainte- 
Nance support module's work capability change forecast 
process can be developed. 

More in-depth research of data sources for the tlainte- 
hance support module should te started next. In particular, 
research must be guided towards development of combat damage 
distributions for specific weapon systems. Additionaily, an 
effort towards gaining reliable repair time and failure 
distribution data from the exercises conducted at the 
National Training Center must be initiated. 

A more detailed study cf the AURA model maintenance 
Support execution modelling methodology must be conducted. 
Its flexible structure allows the user to define a wide 
range of personnel skills, repair parts, and maintenance 
tasks. In particular, its networking of maintenance tasks 
can provide an analytical method for simulation studies of 
the maintenance execution precess for aggregation purposes. 
This model can also provide a foundation for development of 
maint2nance execution processes. 

Once the execution processes are deveioped and an 
initiai maintenance support module iS cperationai, the issue 
of dynamic aliocation of maintenance support assets nust be 
examined. This iS a crucial step towards integrating the 
Corps level maintenance support structure with the division 
level structure. 

Mathods of aggregation of the level of resolution of 
maintenance demands can also be further researched once an 
initial module is operational. Au aggregation methodology 
would reduce the need for large data storage and data base 
requirements without sacrificing fidelity of the output. 

Enhancements to the developed planning processes could 


be naie by integrating operational readiness float (ORF) and 
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the play of terrain stuck weapon systems into the decision 
Lowarc . These could be readily acded in once anh initial 
module is operational. 

Finally, examination of the development of a generalized 
value system is also underway. The creation of such a 
generalized value system which expresses the combat value of 
combat entities should provide the basis for establishing 
tactical unit priorities which are the basis of unit mainte- 
hance priorities. 

Examination of the combat value of maintenance entities 
must also be pursued. On the surface the direct contribu- 
tion of maintenance entities to combat is the rapid return 
of weapon systems albeit firepower units to tne combat enti- 
ties. The development of a methodology to express this 
contribution can provide decision criteria for allocation of 
Maintenance assets in Support of the whole combat structure 
being studied. 

However, such an expression of the value of a mainte- 
hance entity for the purpcse of ar opposing force's deep 
interdiction targeting allocation is inappropriate. An 
opposing force is unlikely to possess intelligence data in 
sufficient detail and time relevance to assess the direct 
contribution of a maintenance entity to an enemy's combat 
eoepabiilacy. A possible method to use for such targeting 
purpose is to forecast the outcome of a planned operation 
both with and without the candidate maintenance entity 
target. This would provide a basis for assessing the worth 


of that maintenance entity and thus, its interdiction worth. 
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APPENDIX A 


a EE SE eee 


GLOSSARY 


Aw. INTRODUCTION 


This glossary conSists of two partss°The first part "eee 
listiag of operational terms and their definitions. The 


seconl part is a listing of acronyms and their meanings. 


Be OPERATIONAL TERMS AND DEFINITIONS 


AirLand Battle (ALB): The AirLand Battle concept outlines 


an approach to military operations which realizes the full 


potential of U.S forces. Two ideas -- extending the battle- 
field and integrating conventional, nuclear, chemical and 
electronic means --— are combined to describe a battlefield 


where the enemy is attacked to the full depth of his forna- 


Attachment: The temporary flacement of units or persoanel 
in ak organization. Subject to limitations imposed by the 
attachment order, the commander of the formation, unit, cr 
organization receiving the attachment wili exercise the same 
degree of command and control as ke doeS over units and 
persois organic to his command. However, the responsibility 
for transfer and promotion of personnel will normally be 
retained by the parent formation, unit, or organization 


[Ref. 13: p. B-5]. 


ocazed stockage list (ASL): In a repair parts supply 


+ 
ext, an authorized stockage list describes the guantity 
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and nomenclature of repair parts authcrized for stockage at 
a direct support unit (DSU) for a specified time frame of 
SUPpoct, e.g. 30 day level of suppcrt. This list must 
include all repair parts on the supported units! prescribed 
load lists (PLLs) and those repair parts required to perform 
direct support level maintenance tasks. The guantities 
stocked are determined by command decision and/or by demand 
rate. The ASL is reconstituted as it is used [Ref. 2:  p. 
oe 19°). 


Battla damage assessment (BIA): An inspection of inoperable 
equiptment anda determination of the maintenance actions 
required to return it to a combat serviceable condition 
[Ref. 4: p. 5-22]. 


Cannidalization: The authorized removal of serviceabie and 
unserviceable assemblies from unserviceable, unecononmically 
repairable (salvage), or excess end items of eguipment 
authocized for local disposal. When done on the battle- 
field, cannibalization has the final aim of returning as 
many weapon systems to the battle as quickly as possible 
[Ref. 4: p. 2-6]. 


Combat trains: The portion of unit trains that provides the 


combat service support reguired for immediate response to 


the needs of forward tactical elements [Ref. 13: p. B-7)]. 


Controlled exchange: The removal of serviceable parts from 
unserviceable, economically repairable equipment for instant 
use in restoring a like item to a serviceable condition. 
The unserviceable part must ke repaced or affixed to the 
item from which the serviceable part was removed [Ref. 4: p. 


2-6 ]. 


or 


Deep attack: The use of long range interdiction to gain 


local battlefield advantages. It may consist of the use of 


firepower, maneuver, or poth [Ref. 3: fF. 7-13]. 


Direct exchange (DX): A method of repair parts supply 
wheredXy uSing units deliver unserviceable but DS repairable 
items or components and exchange them for serviceable ones 
at a direct support unit. DX items comprise a portion of 
the division ASL and are repaired within the division by DS 


Maintenance units [Ref. 43 p. 4-24]. 


Direct support (D5): The support provided by a unit or 
force not attached or under command of the supported unit or 
force, but required to give priority tc the support required 


by that supported unit or force [Ref.j 13: p.- B-11]. 


Evacuation: The movement of equipment from supporting main- 
tenance units to other combat service support (CSS) activi- 
ties in order to continue the maintenance repair process 
[Ref. 43 pe 3-14). 


Field trains; The portion of the unit trains that provides 
the combat service support not required for immediate 
response to the needs of tactical elements. They are 
locat2d rearward to prevent irterference with the tactical 


operation [Ref. 13: p. B-13]. 


General support (GS): Support that is given to the force as 
a whole and not to any particular sutdivision. A mission 
which is frequently assigned to combat support and combat 


service support (CSS) units. For example, a division field 
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adrtiitery battalion assigned to a general mission operates 
[der the control of the division artillery headquarters 


while supporting the whole division [Ref. 13: p. B-15]. 


Grounil support maintenance: A broad commodity oriented 
categorization of maintenance support which excludes mainte- 
Mance of airdrop, aviation, medical, missile, and textile 


equipment. 


Maintenance: All action taken to retain materiel in a 


serviceable condition or to restore it to serviceability 
meen. 23 p. 7-1). 


Maintenance collection point (MCP): The location estab- 
jishei by DS maintenance units to which unserviceable equip- 
ment is recovered for maintenance processing and from which 


unserviceable eguipment is evacuated fcr salvage or repair. 


Maintenance time criteria (MIC): A key management tool for 
maintenance. Estimated repair time limits are established 
at each maintenance level to provide guides for repair, 
recov2r, and evacuate decisions. The goal of MTC is to 
distribute the maintenance workload among the total division 


Maintanance resources [Ref. 4: p. 5-23]. 


Operational control (QPCON): The authority delegated to a 
commander to direct forces so that he may accomplish 
specific missions or tasks which are usually limited by 
function, time, or location; and to deploy units and retain 
or assign tactical control of those units. It does not 


incluie administrative or logistic responsibility, 
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disci line, internal organization, Or unlit traingag 
[Ref. 133 p. B=-2Z3]- 


Operational readiness float (QRF): selected end items 
(weapon systems) or major components that are authorized for 
stockige at support maintenance activities to increase their 
Support capability. These items are used to replace 
supported unit equipment which cannot ke repaired in time to 
meet »perational requirements. The item needing repair is 
retained by the maintenance activity, repaired, and returned 


to OR? stock [Ref. 43 p.j 4-25]. 


Prescribed load list (PIL): In a repair parts context, a 
prescribed load list describes the quantity and nomenclature 
of redJair parts authorized for stockage at organizational 
Maintenance activities for a Specified time frame of 
Support, e.g. a 15 day level of support. The list consists 
of those repair parts and other maintenance related items 
required to perform authorized organizational maintenance 


tasks [Re£. 4s p. 5-18]. 


Preveitive maintenance: Operator/crew and organizational 
Maintenance level checks and services. This is done at the 
uSing unit level and is the nost important maintenance func- 


tion performed [Ref. 4: p. 2-6]. 


Rear area combat operations (RACO): Operations undertaken 
in the rear area to protect units, lines of communication, 
installations, and facilities from enemy attack, sabo- 
tage, rom natural disaster, to limit damage, and reestablish 


support capabilities [Ref. i132 p. B-25]-. 
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Recovery: The function of removal cf eguipment from the 
battl2afield by organizational maintenance personnel for 
purposes Of erie at ng Maintenance repair processing 


Triage: The process of classifying inoperable eguipment and 
develyping a maintenance action plan for returning the 
maximim number of items to operation. The first step is 
battle damage assessment. The second step is a feasibility 
check for availability of maintenance resources - personnel, 
tools, parts, equipment -— and time. This step includes 
checking for cannibalization or controlled exchange for 
parts or forward deployment of Supporting maintenance teams. 
Finally, an action plan is deveitoped for repair or disposi- 
tion of all inoperable equipment at the location [Ref. 4%: p. 
= | ae 


Unit trains: Combat service support personnel and equipment 
organic or attached to a force that provides supply, evacua- 
tion, and maintenance services. Unit trains, whether or not 
echeioned, are under unit control with no part of then 
released to the control of higher headquarters. They are 
normally echeloned into combat and field trains [Ref. 13: p. 


B-3 1 ]- 


Unserviceable eguipment rally point (UERP): The location at 
which a battalion organizational maintenance platoon 
collects unserviceable equipment of the battalion. It is 


the facal point of the platoon's maintenance effort. 
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C. ACRONYMS 


ADP: automatic data processing 

A/L: administrative/logistic 

ALB: AirLand Battle 

ASL: authorized stockage list 

EDA; battle damage assessment 

BMO: battalion maintenance officer 
BMT: battalion maintenance technician 
PSA: brigade support area 

COMSEC: communications security 
DISCOH: Divisiten Support ecimanad 
D4MC: Division Materiel Maragement Center 
DS; lirectesurpore 

DSA: divisicn support area 

DX: direct exchange 

FSB: Forward Support Battalion 

GS: jenerai support 

LCSS: @land™=Gombat Support System 

MAC; maintenance allocation chart 
MCP: maintenance collection point 
MEMO: misSion essential maintenance only 
MSB: Main gSuppertebatralion 

MST: maintenance support team 
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MT: a@aintenance team 

MTC: maintenance time criteria 

OPCON;: operational control 

ORF: operational readiness float 

PLL: prescribed load list 

RAC: rear area combat 

RACO: rear area combat operations 

RAS: rear area security 

UERP: unserviceable eguipment rally pcint 
XO: e2xecutive officer 


1SG: first sergeant 
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ALGORITHM VARIABLES AND DATA LISTS 


This appendix gives the meanings and sources of all 


variables and data lists used by the algorithms in Appendix 


Cc 


~~ @ 


Ae. VARIABLES 


ae 


AWLDEV (k) : Acceptable workload deviation. This as 
the allowable deviation in workioad manhours by 
personnel type k of a maintenance entity. It 1S "aan 
attribute of a maintenance entity. Its source is 
external and must be set during model initialization. 
Cre Controlled exchange switch. It 1S an On =@aee 
Switch which indicates whether a MAINTDMD reguires 
parts acguisition by controlled exchange or cannibal- 
ization. It 1S an attribute of a MAINTDMD. T heseE 
Switch is activated by the TRIAGE process. 

CEPAT (RP): Controlled exchange part acguisition time 
for a repair part code KP. It is an attribute Ome 
MAINTDMD. Its source 1s the FART INSTALLATION AND 
REMOVAL List which is an external data source. 


CEPIRS : Controlled exchange fointer. This isi 
pointer to the MAINTDMD which is to be the controlled 
exchange part source for another MAINTDMD. It is an 


attribute of a MAINTDMD. CEPTK is set by the TRIAGE 
process. 

C¥MTTR (k) : The expected conditional mean time to 
repair for personnel type k in manhours. It iste 
attribute of a MAINTDMD. Its source is the REPAIR 


TIME List which 1s an external data source. 
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10. 


fill 


i. 


Bie 


14, 


CRT(k): Conditional repair time for personnel type k 


ierock hours. Pers an attiibute of a MAINTDMD. 
Tt is caiculated by the TRIAGE process. 

CT: Current time. It 1S a model attribute maintained 
by the model. 

CWLH (k) : Current workload manhours for personnel 
type k. It is an attribute of a maintenance entity. 
It is calculated by the TRIAGE frocess. 

DW: The set of MAINTDMDS on a maintenance entity's 
WAITING COMPLETION List which are not inprogress. It 
is determined by the TRIAGE process. 

DEMAND COUNT (k) : The current total count of 
MAINTDMDS requiring personnel type k for a mainte- 
nance entity. It is used to determine periodic MTC 
update times. It is an attrikute of a Maintenance 
entity. It is adjusted by both the TRIAGE and HTC 
UEDA Eh ap heGesscs . 

DEMANDTYPE: This variable indicates the type of 
MAINTDMD - report, recovery reguest, Or repair 
reguest. It is an attribute of a MAINTDMD. Its 
source is the MAINTENANCE DEMAND GENERATION process 
or TRIAGE process. 

Be: Equipment repair code. This variable identi- 
fies the type of repair reguired for the particular 
equipment type and MAINTDMD. It is an attribute of a 
MAINTDMD. It is determined by the MAINTENANCE DEMAND 
GENERATION process using external data sources of 
eyuipment failures or damage distributions. 

ERT: Expected recovery time. ies an attbabute of 
a MAINTDMD. It as calculated by the TRIAGE process. 
DYE Equipment type. It is an attribute of both a 
MAINTDMD and an entity. Its source is external for 
entities and must be input during the model initiali- 
Zeit l ON. For AAINTDMDs, it is generated by the input 
to the MAINTENANCE DEMAND GENERATION process. 
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16. 


ie 


13. 


ree 


204 


Ze 


Ze 


Zar 


24. 


EeGrgr) a Expected time of completion of repair by 
personnel type k of a MAINTDMD in clock hours. It is 
an attribute of a MAINTDMD. It is calculated by the 
TRIAGE process. 

FMT: Forecasted movement time for an entity. It is 
an attribute of an entity. It is determined by the 
TACTICAL PLANNING Module. 

FPAT (RP) : Forecasted part acquisition time for 
repair part type RP in clock hours. it 1S an atime 
bute of a MAINTDMD. It is calculated py the TRIAGE 
process. 

FRI (xk): Forecasted repair time for personnel type xk 
of a MAINTDND in clock hours. It is an attributeme: 
a MAINIDMD. It is calculated by the TRIAGE process. 


aes Hierarchical level -  CoOnvany, battalion, 
brigade, or division. It is an attribute of a main- 
tenance entity. Its source is external and is input 


during model initialization. 

aeNMIEY Pry The input type of a call to the NIC Uppy 
process - mission change, periodic, or work cafa- 
bility change. The process calling MIC UPDATE gener- 
ates this variable. 

IRD: The set of MAINTDMDs of a maintenance entity's 
WAITING RECOVERY List which are inprogress. 

aWLH(k): The inprogress repair workload of personnel 
type k i manhours for a maintenance entity. Lt igs 
calculated by the TRIAGE process. 

KRP (k): The set of repair part codes - KPs - which 
require personnel type k for instailation. it ts yan 
attribute of a MAINTUIMD. Its source is the REPAIR 
PARTS List which is an external data source. 

WoT (Ke The lower workload threshold for personnel 
type k of a maintenance entity in manhours. It is an 
attribute of a maintenance entity. It 1S calculated 
by the MIC UPDATE process. 


SZ 


2B. 


Zo - 


a 


ZS. 


a 
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Se 


aD & 


MAINTDMD: a paree cular demand for maintenance 
Support to a specific maintenance entity. Tt =1s 
generated by the MAINTENANCE DEMAND GENERATION 


process. 
MP's Mission posture. This identifies the mission 
posture of an entity. Tt is an attribute of an 
entity. Its source 1S an external set of predeter- 


mined codes for specific type missions. It is deter- 
mined by the TACTICAL PLANNING Module. 

MTC (k): Maintenance time criteria for personnel type 
k of a maintenance entity. It 1S a repair completion 
time threshold in clock hours’ for a specific 
personnel type k and is an attribute of a maintenance 
entity. The initial set is found in the MISSION 
POSTURE MTC List which is an external data source. 
It is updated by the MTC UPDATE process. 


N: The number of MAINTDMD receipts between periodic 
planning updates of a maintenance entity. It iS an 
attribute of a maintenance entity. Its source is 


external and input during model initialization. 

NM (k) : The number of personnel type k required to 
repair a particular ERC. be WS an attribute of a 
MAINTDMD. Its source is the KEPAIR TIME List which 
is an external data source. 

OR({ET): Current operational readiness rate of eguip- 
ment type ET of an entity. It is an attribute of an 
entity. It 1S updated by the MAINTENANCE DEMAND 
GENERATION and RETURN processes. 

OSae( kr P) a: The order and ship time for a repair part 
type RP. It is determined by the PART ACQUISITION 
FORECAST process of the SUPPLY Module. 

PERSTYPE: The list of needed personnel types for an 
ERC and MAINTDMD. It is an attribute of a MAINTDMD. 
Its source is the REPAIR TINE List which is an 


externai data source. 
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336 


34. 


Jee 


36. 


37. 


38. 


39. 


PHF: Productive werk fractich of “a Waatenae— 
entity. It 1S an expected percentage of a 24 hour 
period during which maintenance work is conducted by 
Maintenance personnel. It iS an attribute of a main- 
tenance entity. Its source is external and input 
during the model initialization. 

QP {h) : The quantity of personnel type k currently 
available ina maintenance entity. It is an attri- 
bute of a maintenance entity. It 1s updated by the 
ATTRITION and PERSONNEL REPLACEMENT processes. 

ORV (RVT) : The guantity of reccvery vehicles of tyre 
RVT currently available in a maintenance entity. alata 
is an attribute of a maintenance entity. Its source 
is external and input during model initialization and 
updated by the ATTRITION, RETURN, and EQUIPMENT 
REPLACEMENT processes. 

RC: Repairability code - repairable Or Outs 
repairable. It is an attribute of a MAINTDMD. Its 
Source 1S the REPAIRABILITY List which is an external 
data source. 

Rec fs The forecasted travel time for a recovery 
Mission poth ways. It is an attribute of a MAINTDMD. 
It is calculated by the TRANSPORTATION Module. 

RL: Repair level code - organizational, direct 
support, or generai support. It is an attribute of a 
MAINTDMD and a maintenance entity. Its source for a 
MAINTDMD is the REPAIR LEVEL List which is an 
external data source. Its source for a maintenance 
entity is external and input during model initializa- 
tion for a maintenance entity. 

RP: Repair part code. It indicates the type repair 
code. It is an attribute of a MAINTDMD. Its source 
is the REPAIR PARTS List which is an external data 


SOUECC. 
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4O. 


aml 


4Y2. 


a. 


44. 


45. 


46. 


47. 


48. 


RPQ (RP): The quantity of repair part type RP needed 
for an ERC. It is an attribute of a MAINTDMD. mes 
source is the REPAIR PARTS List which is an external 
data source. 

RTC: Recovery time criteria in clock hours. It is a 
recovery completion time threshold and an attribute 
of a maintenance entity. It is a static, user 
defined value. 

RVG Recovery vehicle type. It is an attribute of 
both a MAINTDMD and a maintenance entity. Its source 
for a MAINTDMD is the RECOVERY COMPATIBILITY List 
which is an external data source. Its source for a 
Maintenance is external and input during tnodel 
initialization. 

RWLH (RVT) : Recovery workload for recovery vehicle 
type RVT in clock hours for a maintenance entity. It 
is an attribute of a maintenance entity. ire is 
calculated by the TRIAGE process. 

SALVAGE: The salvage on-off switch for a MAINTDMD. 
it is an attribute of a MAINTDML. It is activated by 
the TRIAGE process. 

55 start time of €xeeution of a MAINTDHD. It is an 
attribute of a MAINTDMD. It 1s set by the appro- 
priate maintenance execution prccess. 

TCEPAT(k): The total controiled exchange or canni- 
balization parts acquisition tine for personnel type 
k of a MAINTDMD. It is an attribute of a MAINTDMD. 
It 1s calcuiated by the TRIAGE frocess. 

TDG@H CK) : The totai daily clock hours for personnel 
type k of a maintenance entity. It is calculated by 
the TRIAGE process. 

IDRH { RVT) : The total daily clock hours for recovery 
vehicle type RVT of a maintenance entity. ot) as 
calculated Ly tne TRIAGE process. 
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49. 


30. 


De 


Se 


or 


54. 


ID 


56. 


TOTAL DEMAND COUNT: The current tetad-eount Gz 
demands received by a maintenance entity. It 1s eB 
attribute of a maintenance entity. It is updated by 


the TRIAGE process. 
ULWT (k) : THe upper workload threshold for personnel 


type k in manhours. It 1s an attribute of a mainte- 
hance entity. It is calculated by the MTC UPDATE 
process. 


WCCNBR: The work capability change number. This 
identifies the incremental step of a maintenance 
entity's workload capability change due to forecasted 
movement. Its source is the MOVEMENT WORK CHANGE 
List which is an external data source. 

WCF (WCCNBR): Work capability change fraction. This 
identifies the magnitude of the work capability 
change at step WCCNBR of a maintenance entity due to 
forecasted movement. Its source is the MOVEMENT WORK 


CHANGE List which 1s an external data source. 


MC (ky The workload capability in manhours of 
personnel type k of a maintenance entity. It is an 
attribute of a maintenance entity. It is calculated 


by the MTC UPDATE process 

WRD: The set of MAINTDMDS waiting recovery but not 
inprogress of a maintenance entity which precede the 
MAINTDMD being processed by the TRIAGE process. Le 
is determined by tne TRIAGE process using the mainte- 
Nance entity's WAITING RECOVERY List. 

WP: The attribute switch of a MAINTDMD indicating 
that it is waiting parts. It is an attribute of a 
MAINTDMD. It is activated by the TRIAGE process. 

WWLH (k)-s The waiting repair workload of personnel 
type k in manhours for a maintenance entity. Tears 
calculated by the TRIAGE process. 
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EQUIPMENT MAINTENANCE PRIORITY List: This is an 
attribute of a maintenance entity indicating the 
equipment priorities. It is updated by the WORKLOAD 
PRIORITIZATION process. 

MISSION POSTURE MTC List: An external data source of 
mission posture codes and matching MTC by maintenance 
entity hierarchical level and personnel type. 
MOVEMENT WORK CHANGE List: An external data source 
of sets of WCF which are matched to an entity type or 
identifier based upon tne entity's reguirements for 
work transitioning to movement cr vice versa. 

PARTS INSTALLATION AND REMOVAL List: An external 
data source which matches repair part codes RPs to an 
installation and removal time for ke part for the 
purposes of determining the ccntrolled exchange or 
cannibalization times. 

PRRGS SLOCKAGE Last: An attribute of a maintenance 


entity which contains its authorized repair part 


codes, RPs, and their matching current stockage 
levels. Its initial values are input during model 
Inti aliZzame on. It 1S updated by both the REPAIR 


PARTS SUPPLY and TRIAGE processes. 

RECOVERY COMPATIBILITY List: An external data source 
which matches eguipment types - ETS - to required 
recovery vehicle types - RVTs . 

REPAD REVELL St s An external data source which 
matches equipment repair codes ~ ERCS - to appro- 
priate repair levels - RLs. 

REPAIR PARTS List: An external data source which 
Matches eyuipment repair codes - ERCS - to repair 
part codes ~- RPs - and personnel types - k - to 


repair part codes - KPs. 


a 


10. 


The 


12. 


13. 


14. 


15. 


16s 


ig. 


REPALK TiN elrSste An external data source which 
Matches equipment repair codes - ERCS - to appro- 


priate required personnel types - k -, CMTTR(k)s, and 


NM (ks. 
REPAITRABILITY List: An external data source which 
matches eguipment repair codes - ERCS - to appro- 


priate repairability codes - RCs. 

SALVAGE COMPATIBILITY List: An external data source 
which matches repair part codes - RPS - to appro- 
priate eyuipment repair codes - ERCs - which can be a 
source of repair part - RP - via controlled exchange 
or cannibalization. 

TACTICAL UNIT PRIORITY Last: This 1s an attribute of 
a combat entity indicating the subordinate unit 
tactical priorities. It 1s updated by the TACTICAL 
PLANNING Module. 

UNIT MAINTENANCE PRIORITY List: This is an attribute 
of a maintenance entity indicatiny the unit mainte- 
Rance priorities. It 1s identical to the TACTICAL 
UNIT PRIORITY List of the supported hierarchical unit 
and updated by the WORKLOAD PRICRITIZATION process. 


WAITING CE List: An attribute of a naintenance 
entity which identifies the MAINTDMDs waiting for 
controlled exchange Or cannibalization oe be 


performed by the REPAIR process. 
WAITING COMPLETION List: An attribute of a mainte- 
hance entity which identifies all MAINTDMDsS waiting 


repair - waiting refaic, Waiting parts, waiting 
controlled exchange Or Cannibalization, Or 
inprogress. 


WAITING PARTS Lists: An attrikute of a maintenance 
entity which identifies the MAINTDMDs waiting parts. 

WAITING RECOVERY List: An attribute of a maintenance 
entity which identifies all the MAINTDMDS waiting 


recovery or inpLrogress. 


ao 


18. WAITING REPAIR List: An attripdute of a maintenance 
entity which identifies all the HAINTDMDs waiting foc 


repair only. 
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APPENDIX C 


PLANNING DECISION PROCESS ALGORITHMS 


Aw. TRIAGE PROCESS 


PROCESS: TRIAGE 
Activated by: MAINTDMD GENERATOR 


Given: 
1. The MAINIDMD(i,j). 
2. The owning entity - i. 


3. The maintenance entity - j. 
Description: 

Process TRIAGE models the decisior process at a speci- 
fied hierarchical level of determining the maintenance 
disposition of a disabled weapon system - MAINTDMD. The 
decision wiil either be to repair the disabled weapon system 
at the current hierarchical level or to recover or evacuate 
the weapon system to a higher supporting hierarchical level 
for r2pair or salvage. NOTE: If a backlog occurs for 


TRIAGE the queueing discipline is FIFO. 


Assumptions: 

1. Forecasts of asset allocations only considers 
personnel or equipment available at the current main- 
tenance entity processing the MAINTDMD. Forward 
deployment of personnel or equipment from supporting 
Maintenance entities is not considered. 

2. Controlled exchange is not conducted at company level 
and cannibalization is only conducted by direct 
support (DS) level maintenance entities at brigade 
level or higher. 

3. Perfect information is available for forecasting 


purposes. 
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8. 
9. 


TRIAGE is conducted instantaneously - no time is 
used. The time reguired fcr actual triage is 
included in repair time determinations by the REPAIR 
execution process. 

This process ignores contamination of eguivment 
problems. 

Travel time from Maintenance entity to disabied 
weapon system is negligible e.g. from company trains 
to combat positions is about cne Kilometer maximun 
and from other maintenance entities to their UERP or 
MCP is less than two or three kilometers. 

There are two type of demands - report and recovery 
request. 

There are no cancellations of maintenance demands. 
The Heavy, Light, and Missile Maintenance Companies 
at division are aggregated intc a single maintenance 


entity for triage purroses. 


Processing: 


fils 


Dia 


TRIAGE firsts increments the maintenance entity's 
TOTAL DEMAND COUNT by one. 

Then TRIAGE checks the DEMANDTIYPE of the MAINTDMD. 
If the DEMANDTYPE 1s a recovery request then go to 
the recovery allocation steps (steps 15-18). 

Next TRIAGE determines if the MAINTDMD is repairable. 
This 1S accomplished by finding the =ZRC of the 
MAINTDMD in the REPATRABILITY List and extracting its 


repairability code - RC. The RC attribute of the 
MAINTDMD 1s set appropriately. NOTE: (For battalion 
or brigade level maintenance entity only: ah 


DEMANDTYPE 1S repair reguest this step is skipped.) 


If the RC of the MAINTDMD is nonrepairable, TRIAGE 
sets the SALVAGE attribute switch or the MALNTDMD on 
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and goes to the recovery allocation steps (steps 

io 1S) NOTE: (For brigade or higher ievel mainte- 

nance entities only: An evacuation reguest is sent to 
the transportation module of tne combat model instead 
of going to the recovery allocation steps.) 

Next TRIAGE determines the repair level (KL) of the 

MAINTDMD by searching the REFAIR LEVEL List and 

matching the ERC of the MAINTDMD to the appropriate 

RL and sets the RL attribute of the MAINTDMD. NO@E: 

(For battalion oor higher level only: If the 

DEMANDTYPE of the MAINTDMD 1S repair request and its 

RL is not null, this step 1s skipped.) 

a) (For company level onlv) If RL is hagher than 
organizationai level, TRIAGE goes to the recovery 
allocation steps (steps 15-18). 

b) (For battalion level only) If RL is higher than 
direct support level, TRIAGE goes to the recovery 
allocation steps (steps 15-18). 

c) (For brigade level or higher) If RL is higher than 
direct support level, TRIAGE generates an evacua- 
tion reguest which is sent to the TRANSPORTATION 
Module of the combat model. 

Next TRIAGE determines the expected repair time ia 

manhours under the condition of all parts and 

Manpower being on hand for each personnel type k 

reguired for the MAINTDMD and the reguired number of 

each personnel type k - CMTTR(k) and NM(k). These 

MAINTDMD attribute values are found by searching the 

REPAIR TIME List and matching the ERC of the MAINTDMD 

to the appropriate CMTTR(k)s and NM(k)s. Also the 

PERSTYPE attribute of the MAINIDMD set to a list of 

all the personnel types k required and the DEMAND 

COUNT (kK) is incremented by one for each k. NOTE: 

(For battalion level or higher: If the DEMANDTYPE of 
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the MAINTDMD is repair request and its CMITR and NM 
attributes are not null, this step is skipped.) 
TRIAGE next determines the conditional repair tine 
for each personnel type k - CRI(k) - in ciock hours 
according to equation C.1 and sets the CRT(k) attri- 
butes of MAINTDND. 


CRT(k) = CMTTR(k) /NM(k) (C. 1) 


TRIAGE then conducts a first cut feasibility check to 

determine whether to repair the MAINTDMD at the 

current maintenance entity or to recover it to the 
supporting maintenance entity. This is accomplished 
by comparing each CRT(k) of MAINTDMD to the matching 

MTC (k) of the current maintenance entity. If anv 

CR’ (jeeePeest Somahehang «Mf TC (kb), TRIAGE goes to the 

recovery allocation steps (steps 15-18). NOTE: (For 

brigade level or higher: The same comparison is made 
as above, however if any MITC(k) is exceeded, TRIAGE 
generates an evacuation request which is sent to the 

TRANSPORTATION Module of the combat nodel.) 

TRIAGE next checks for repair farts availability by 

searchiny the REPAIR FARTS List and matching the ERC 

of the MAINTDMD to the approfriate set of repair 
parts codes —- RP —- and quantities - RPQ(RP) and sets 
the RP and RPQ attributes of the MAINTDMD. Then the 
process searches’ the maintenance entity’s PARTS 

STOCKAGE List (PLL or ASL) and determines if the 

needed parts are on hand. 

a) If a needed part is on hand, the forecasted part 
acquisition time fcr the part - FPAT(RP) - attri- 
bute of the MAINTDMD is set to zero. 

b) (For company level only) If any parts are not on 
hand the process goes to the recovery allocation 


Steps (steps 15-178). 
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(For battalion level only) If a needed part is not 
on hand, the process then checks the SALVAGE 
COMPATIBILITY List and matches each RP not on hand 
to compatible ERCs for the purpose of conducting 
controlled exchanye to obtain the required parts. 
Then the maintenance entity's WAITING RECOVERY 
List is searched for MAINTDIMDS with appropriate 
ERCs until a maximum number of the needed parts 
are matched to MAINTDMDS waiting recovery. This 
search matches RPs to MAIRNTIDMDs according to the 
folicwing priority scheme: first all MAINTDMS 
With an on SALVAGE Switch are searched, then all 
MAINTDMDs with an RL bigher than the current main- 
tenance entity's RL are searched. For each RP 
Matched for controlled exchange, a CEPAT(RP) - 
controlled exchange.parnt acquisition tine — Gis 
obtained by searching the EART INSTALLATION AND 
REMOVAL List and a controlled exchange pointer - 
CZEPTR - is assigned to the candidate MAINTDMD. A 
total controlled exchange fart acyguisition tine 
for each personnel type k - TICEPAT(k) - is calcu- 


lated according to eguation C.2, 


TCEPAT (k) = ) (CEPAT (RP) x2x EPQ (RP) ) (Cc. 
KKP 
where KRP 1s the set of all RP which reguire 
personnel type k for installation. The CEPAT (RP) 
1s doubled in the calculation since controiled 
exchange involves the actual removal of the needed 
repair part from the candidate parts source and 
its replacement on that parts source with the 
unserviceable part from the item needing the 
repair part. The TICEPAT (k) attributes of the 


MAINTDMD are then _ set. rer those required KP 
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which have been matched for controlled exchange, 
the process calls the PART ACQUISITION FORECAST 
process of the SUPPLY Moduite to determine the 
order and Ship time for each of these parts - 
Won (RE). Then a forecasted part acyulsition time 
for each personnel type k —- FPAT({k) =e SCaALcu 


lated according to eguation C.3, 
FPAT(k) = rh {OST (RP) } (e273) 


where KRP is the set of RE requiring personnel 
type k for installation. The FPAT(k) attributes 
of the HAINTDHD are then set, 

d) (For brigade level or higher only) The previous 
battalion steps for controlled exchange are 
conducted, however inthis case the purpose is 
cannikalization. The only change in the battalion 
level steps is that, TCHR) 61s “calculated 


according to equation C.4, 


TCEPAT(k) = y (CEPAT (RP) xREQ (RP) ) (C.4) 
KRP 

where KRP is the set of RF reguiring personnel 

type k for installation. The CEPAT (RP) is not 

Goubled in this case since cannibaiization does 

not require a replacement for the acquired repair 

part. 
TRIAGE then forecasts the clock hours until conmple- 
tion of the MAINTDMD for each personnel type k if the 
MAINTDMD were repaired at the current maintenance 
entity with assets under its control. First the 
MAINTDMD is placed on the maintenance entity's 
WAITING COMPLETION List and its list position deter- 
mined according to the following nested MAINTDMD 


queueiny discipline: 
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a) 
b) 
C) 
dq) 


€) 


In progress demands before all other demands. 

(For bataiion level or higher)” BY dmet prority- 
By equipment priority. 

By waiting repair followed Ly waiting repair and 
parts. 

FIFO. 


After the MAINTDMD's list position is determined, its 


expected time of completion for each personnel type - 


ETC (k) - ais calculated according to the following 
steps. 
a) For each personnel type k needed for the repair of 


b) 


C) 


the MAINTDMD, set the in progress workload hours 
for personnel type k - IWLH(k) - attribute of the 


maintenance entity according to eguation C.5, 
IWLH(k) = (CRT (k)+CEPAT (k) )- (CT-ST) (C.5) 


where CT is the current time and ST is the start 
time of the repair. 

Then determine the waiting workload hours for each 
personnel type —- WWLH (k) - according to equation 
Ca.0;, 


WHLH(k) = ) (CRT (K) + TCEFAT(k)) (C gy 
DW 
where DW is the set of MAINTIMDS waiting repair. 
Next the forecasted repair time for each personnel 
type k - FRI (k) - reguired for the MAINTDMD is 


calculated according to equation C./7, 


FRT(k) = 24 x (C 
((IWLH (k) #+WWLH (k) +CRT(k) +TCEPAT(k) ) /TDCH (k) ) 
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wnere CRT(k) and TCEPAT(k) are the attributes of 
the MAINTDMD being processed and TDCH (k) is the 
total daily clock hours for personnel type capa- 
bility of the maintenance entity. POUCH) is 
calculated according to equation C.8, 


TDCH(k) = QP(k) x 24 x PWF (C.8) 


where QP(k) is the quantity of personnel type k in 
the maintenance entity and FWF is the productive 
work fraction attribute of the maintenance entity. 

d) Then each ETC(k) is calculated according to equa- 
til On Gar 


ETC(k) = FRT(k) + FPAT(k) (Cc .9) 


TRIAGE next conducts the final feasibility check by 

comparing all ETC(k) of the MAINTDMD to the mainte- 

nance entity's forecasted movement time - FMT - and 

MTC(k) attributes. If any ETC{k) is greater than FHT 

or its matching MTC{k), the process goes to the 

recovery allocation steps (steps 15-18). 

Otherwise the process then schedules the appropriate 

REPAIR or REPAIR PARTS SUPPLY execution processes as 

Tollows. iteall  FPAT (xk) and TCEPAT(k) of the 

MAINTDMD equal zero, the process schedules the REPAIR 

process by placing the MAINTDMD on the maintenance 

entity's WAITING REPAIR List. 

a) If all FPAT(k) egual zero and any TCEPAT(k) are 
not zero, the prcecess finds the matching CEPTEs 
and temporarily removes these MAINTDMDs from the 
WAITING RECOVERY tJIist of the maintenance entity 
and places them on the WAITING CE List and sched- 
ules the REPAIR process for the MAINTDMD being 
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14. 


yes 


processed by placing it on the maintenance enti- 
ty's WAITING REPAIR List and sets its CE - 
controlled attribute Switch - on. 

b) If any FPAT(kK) are not zero, the process finds all 
appropriate EP using the set KRP and matching RP 
attributes of the MAINTDMD and schedules reguisi- 
tion of each of these RP in quantity RPQ(RP) by 
calling the REPAIR PARTS SUEPLY execution process 
and places tne MAINTDMD on the maintenance enti- 
ty's WAITING PARTS List with its waiting parts 
attribute - #P - on. If any TCEPAT(k) also are 
not zero the CE switch attribute of the MAINTDMD 
is set on and all MAINTDMDs on the maintenance 
entity's WAITING RECOVERY tIist which match the 
CEPTRs are temporarily removed from this list and 
placed on the WAITING CE List. 

The process next checks the need to call for a peri-~ 

odic workicad prioritization. If mod (TOTAL DEMAND 

COUNT / N) = QO, the process calls the WORKLOAD 

PRIORITIZATION process. 

The process next checks the count of demands for each 

personnel types required for the processed MAINTDMD. 

For each DEMAND COUNT(kK) which is greater than N, 

caiculate the current maintenance workload in nmanh- 

ours for that personnel type - CWLH({(k) - according to 


equation C.10, 


CHLH(k) = IWLH (k) +4 ) (CRT (k) #2CEPAT(k) } (C. 10) 
DW 
where DW is the set of all MAINTDMDS on the nainte- 
hance entity's WAITING COMPLETION List not in prog- 
ress. The process then calls the MAINTENANCE TIME 
CRITERIA UPDATE process. 
Spore 
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18. 


The following steps are the reccvery allocation steps 
of TRIAGE. First determine the recovery vehicle type 
- RVT - needed for the MAINTDMD's equipment type - ET 
- attribute by searching the RECOVERY COMPATIBILiIT 
List and matching the ET to a set of appropriate RVTs 
and set the RV? attribute of the MAINTDMD to this 
Set. If a matching RVD from this set is not found on 
the maintenance entity's recovery asset list (this 
includes all organic, attached, and OPCON assets) 
attribute, the process places the MAINTDMD on the 
Maintenance entity's WAITING RECOVERY List and sets 
the MAINTDHD's DEMANDTYPE to recovery request. Then 
the process generates an idertical MAINTDMD witha 
DEMANDTYPE of recovery request to the supporting 
Maintenance entity. 
If an acceptable RVT is in the maintenance entity's 
recovery asset list attribute, the MAINTDMD is placed 
on the entity's WAITING RECOVERY List according to 
the following nested queueing discipline and its list 
position determined: 
a) In progress, then wailtiny recovery, then 
Supporting recovery reguest. 
b) (For kattalion level of higher) By unit priority. 
c) By eguipment priority. 
d) Repairable, then salvage. 
e) FIFO. 
Then the process calls the TRANSPORTATION Module to 
obtain a forecasted travel time for the recovery 
mission (from the maintenance entity's location to 
the supporting maintenance entity's maintenance 
collection point or UERP location) - RECT. Next the 
Maintenance entity's recovery workload hours for 
recovery vehicle type RVT is determined according to 
equation C.11, 
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RWLH(RVT) = \ (RECT (RVT) -ST) + S RECT(RVT) (C.11) 
IRD WRKD 

where IRD 1s the set of in progress MAINTDMD' for 

recovery and WRD is the set of waiting MAINTDMD for 

recovery which precede the WAITING RECOVERY List 

position of the MAINTDMD in process. The expected 

recovery completion time - ERT - is then calculated 


according to equation C.12, 


ERT = 24 x (Cc. aie 
( (RWLH (RVT) +RECT(RV1T) ) /TDRH (RVT) ) 


where TDRH (RVT) is the total daily recovery hours 
capability for recovery vehicle type RVT of the main- 
tenance entity. TDRH(RVT) is calculated according to 


equation, C..13, 
TDRH(RVT) = QRV(RVTI) x 24 x PWF (C. 1 


where QRV({RVT) is the quantity of operational 
recovery vehicles of type RVI in the maintenance 
entity and PWF is the maintenance entity's productive 
work fraction. 

The process then makes a feasikility check to deter- 
mine whether to reccver the MAINTDMD with available 
assets or generate a recovery reguest to the 
supporting maintenance entity by comparing the ERT to 
the maintenance entity's recovery time criteria - 
fae. If ERT is greater than RIC, the process places 
the MAINTDMD on the maintenance entity's WAITING 
RECOVERY List and sets the DEMANDTYPE to recovery 
reguest and generates and identical MAINTDMD to the 
Supporting maintenance entity with a DEMANDTYPE of 


recovery recuest. Otherwise the process schedules 
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tinrewe © ECOVERY execution process by placing tine 
MAINIDMD on the maintenance entity's WAITING RECOVERY 
Lene. 

PAD erat Oo 


Be. WORKLOAD PRIORITIZATION PROCESS 


PROCESS: WORKLOAD PRIORITIZATION 
Activated by: a change in the supported hierarchy's nission 
posture or the generation of every Nth demand at a partic- 
ular Maintenance entity. 
Given: 

1. Maintenance entity identifier - j 

2- input type - mission posture change or Nth demand 
Description: 

This process updates both the unit and equipment mainte- 
nance priorities at a specific maintenance entity. 
Processing: 

1. The process first checks the maintenance entity's 
hierarchical level - HL. If HL is company level step 
2 iS skipped. 

2. The process next updates the maintenance entity's 
UNIT MAINTENANCE PRICRITY List attribute by setting 
it equal to the supported hierarchy's TACTICAL UNIT 
PRHORITY Last. 

3. The process then updates the maintenance entity's 
EFQUIPMENT MAINTENANCE PRIORITY List attribute by 
ordering the supported equipmert types according to 
the following nested scheme: first the supported 
entities' pacing (primary weapon systems) items 
ordered by unit priority, then all other equipment 
typeS in increasing order of equipment operational 
readiness rates aggregated at the supported hierarchy 
level - OR(ET). 


G.  Steope 


C. MAINTENANCE TIME CRITERIA UPDATE PROCESS 


PROCESS: MAINTENANCE TIME CRITERIA UPLATE 
Activated by: 
1. A change in mission fosture of the supported hier- 
archical entity. 
2. The generation of the Nth demand for a personnel type 
k at a maintenance entity. 
3. The occurrence of a work capability change time due 
to forecasted entity movement. 
Given: 
1. Maintenance entity identifier - j. 
2. Set of personnel types - k. 
3. Input type - misSion posture change, periodic, work 
capability change. 
Description: 

The Maintenance Time Criteria Update process makes tne 
decision update of the initially estaklished set of MITC (k) 
of a maintenance entity. This update is accomplished by use 
of one of three methods based upon the type input to the 
process. 

Assumptions: 

The initial set of MTC (k) are initialized for each nmainte- 

nance entity aS part of the combat model initialization 

process. 

Processing: 

1. The process first determines the input type (mission 

change, periodic, work capability change) - INTYP#. 
If the INTYPE is mission change go to step 2. If the 
INTYPE is periodic go to step 3. If the INTYPE is 
work carability change go to step 4. 
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Using the complete set of personnel types k of the 
maintenance entity, the MISSION POSTURE MTC List is 
searched and matches the input MP - MiSS1i0u posture - 
of the supporting hierarchical entity to the appro- 
priate set of MTC(k)s. The MTC(k) attributes of the 
Maintenance entity are then set to these new values. 
Go to step 5. 

Using the input set of personnel type or types k, 
obtain the matching acceptable workload deviation for 
each type k - AWLDEV (k) - attributes of the mainte- 
Nance entity. Then for each input k calculate the 
workload capability - WLC(k) - according to eguation 
e.14, | 


WLC (k) = QP(k) x 24 x PWF (C. 14) 


where QP(k) is the current guantity of personnel type 
k in the maintenance entity and PWF is the mainte- 
nance entity's productive work fraction. The process 
then calculates the upper and lower workioad thresh- 
Olds for each personnel type - UWLT(k) and LWLT(k) - 


according to equation C.15 and equation C. 16. 


LWLT(k) WLC (k) -— AWLDEV (k) (C. 15) 


UWLT (k) 


WLC (k) + AWLDEV(k) (C. 16) 


The process then checks to see if any current work- 
load for the set of personnel types - CWLH(k) = 
violates either of its workload thresholds. If any 
CWLH(k) ais greater than its matching UWLT(k) then 
update the matching MTC (k) according to equation 
Coli; 


Tt 


De 
on 


MTC (k) =MTC(k) x (1- ( (CWLH (k) -WLC(k) ) /WLC (k))) (C. 1m 


If any cCWLH(k) as less than its matching LWLT(k) 
update ats matching MTC (k) according to eguation 
Cel ais 


MTC (k) =MTC (k) x (14+ ( (WLC (k) -LWL1T(k) ) /HLC (k))) (C. We) 


Go to step 5. 

Using the input work capability change number due to 
forecasted movement - WCCNBR - for the maintenance 
entity find the matching work change fraction - WCF - 
by searching the MCVEMENT WCRK CHANGE List and 
matching the entity type to a set of work capability 
time change fractions and times. Then update the 
MTC(k) for all k in the maintenance entity according 


to equation C.19. 


MTC (k) = MTC(k) x WCF (C. 19) 


Go to step 6. 
Set the DEMAND COUNT (k) to zero. 
stop 
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